CLAIMS: 

1 . A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least one portion of the 
5 formation; 

allowing the heat to transfer from th^ one or more heat sources to a selected 
section of the formation; 

controlling the heat from the on£ or more heat sources such that an average 
temperature within at least a majority fif the selected section of the formation is less than 
10 about 375 °C; and / 

producing a mixture from ihf formation. 

2. The method of claim 1 , wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 

15 pyrolyzes at least some coal within the selected section of the formation. 

3. The method of claim 1 , wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

20 

4. The method of claim 1, wherein the one or more heat sources comprise electrical 
heaters. 

5. The method of claim 1 , w herein the one or more heat sources comprise surface 
25 burners. 

6. The method of claim I , wherein the one or more heat sources comprise flameless 
distributed combustors. 

30 7. The method of claim 1 , wherein the one or more heat sources comprise natural 
distributed combustors. 



Conley. Rose & Tavon. P (' 




X. The method of claim 1 . further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
5 a function of pressure. 

9. The method of claim 1, further comprising controlling a pressure within at least a 
majority of the selected section of the formation with a valve coupled to at least one of 
the one or more heat sources. 

10. The method of claim 1 ? further comprising controlling a pressure within at least a 
majority of the selected section of the formation with a valve coupled to a production 
well located in the formation. 

15 11. The method of claim 1 , further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

1 2. The method of claim 1 , w herein providing heat from the one or more heat sources 
20 to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity(C v ), and wherein the heating 
pyrolyzes at least some coal within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr. 
25 wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p H 

wherein Pwr is the heating energy/day. h is an average heating rate of the 
formation. p H is formation bulk density, and wherein the heating rate is less than about 10 

°C/day. 

30 
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1 3. The method of claim 1 , wherein allowing the heat to transfer from the one or 
more heat sources to the selected section comprises transferring heat substantially by 
conduction. 

5 1 4. The method of claim 1 , wherein providing heat from the one or more heat sources 
comprises heating the selected section such that a thermal conductivity of at least a 
portion of the selected section is greater than about 0.5 W/(m °C ). 

1 5 . The method of claim 1 , wherein the produced mixture comprises condensable 
10 hydrocarbons having an API gravity of at least al6out 25°. 

16. The method of claim 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by Weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

1 7. The method of claim 1 , wherein tlje produced mixture comprises non-condensable 
hydrocarbons, and wherein a molar ratio of ethene to ethane in the non-condensable 
hydrocarbons ranges from about 0.00 1 to about 0. 1 5. 

20 18. The method of claim 1 , wherein the produced mixture comprises non-condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 1 5 % by weight of the non- 
condensable hydrocarbons are olefins. 

19. The method of claim 1 . wherein the produced mixture comprises condensable 

25 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

20. The method of claim 1 . wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

30 basis, of the condensable hydrocarbons is oxygen. 
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2 1 . The method of claim 1 . wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

22. The method of claim 1 . wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

23 The method of claim 1 . wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

24. The method of claim 1 , wherein the produced mixture comprises condensable 
5 hydrocarbons, and wherein less than about 5 % iy weight of the condensable 
hydrocarbons comprises multi-ring aromatics With more than two rings. 



25. The method of claim 1 . wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 

20 hydrocarbons are asphaltenes. 

26. The method of claim 1 . wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

25 

27. The method of claim 1 . wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and w herein the hydrogen isjless than about 80 % by volume of the non- 
30 condensable component. 
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28. The method of claim 1 . wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

29. The method of claim 1 , wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

30. The method of claim 1 , further comprising controlling a pressure within at least a 
majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

3 1 The method of claim 1 , further comprising controlling formation conditions such 
that the produced mixture comprises a partial pressure of H 2 within the mixture greater 
than about 0.5 bar. 

32. The method of claim 3 1 , wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. 



The method of claim 1, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

34. The method of claim 1 , further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



25 35. The method of claim 1 , further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section: and 

heating a portion of the section with heat from hydrogenation. 
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36 The method of claim 1 . wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

37 The method of claim 1 , wherein allowing the heat to transfer comprises increasing 
a permeability of a majority of the selected section to greater than about 100 millidarcy. 



38 The method of claim 1 . wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

39. The method of claim 1. further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

40 The method of claim 1 , wherein producing the mixture comprises producing the 

, 5 mixture in a products well, and wherein at least about 7 heat sources are disposed in the 
formation for each production Well. 

41 The method of claim 1, further comprising providing heat from three or more heat 
sources to at least a portionif the formation, wherein three or more of the heat sources 

20 are located in the formatio/ in a unit of heat sources, and wherein the unit of heat sources 
comprises a triangular pattern. 

42 The method of dim 1, further comprising providing heat from three or more heat 
sources to at least a portion of the formation, wherein three or more of the heat sources 
are located in the formation in a unit of heat sources, wherein the unit of heat sources 
comprises a triangular pattern, and wherein a plurality of the units are repeated over an 
area of the formation to form a repetitive pattern of units. 

43. The method of claim 1. further comprising separating the produced mixture into a 

30 izas stream and a liquid stream. 
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44. The method of claim 1 . further comprising separating the produced mixture into a 
gas stream and a liquid stream and separating the liquid stream into an aqueous stream 
and a non-aqueous stream. 

45. The method of claim 1 . wherein the produced mixture comprises ITS, the method 
further comprising separating a portion of the H 2 S from nin-condensable hydrocarbons. 

46. The method of claim 1 . wherein the produced mixture comprises C0 2 , the method 
further comprising separating a portion of the C0 2 from/ non-condensable hydrocarbons. 

47. The method of claim 1 , wherein the mixture is produced from a production well, 
wherein the heating is controlled such that the mixture can be produced from the 
formation as a vapor. 

48. The method of claim 1 . wherein the mixture is produced from a production well, 
the method further comprising heating a wellbore of the production well to inhibit 
condensation of the mixture within the wellbore. 

49. The method of claim 1 . wherein the mixture is produced from a production well, 
wherein a wellbore of the production well comprises a heater element configured to heat 
the formation adjacent to the wellbore, and further comprising heating the formation with 
the heater element to produce the mixture, wherein the mixture comprises a large non- 
condensable hydrocarbon gas component and H 2 . 

50. The method of claim 1 , wherein the minimum pyrolysis temperature is about 270 
°C. 

5 1 The method of claim 1 . further comprising maintaining the pressure within the 
formation above about 2.0 bar absolute to inhibit production of fluids having carbon 
30 numbers above 25. 



20 
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52. The method of claim 1 . further comprising controlling pressure within the 
formation in a range from about atmospheric pressure to about 100 ban as measured at a 
wellhead of a production well to control an amount of condensable hydrocarbons within 
the produced mixture, wherein the pressure is reduced to increase production of 

5 condensable hydrocarbons, and wherein the pressure is increased to increase production 
of non-condensable hydrocarbons. 

53. The method of claim 1. further comprising controlling pressure within the 
formation in a range from about atmospheric pressure to about 100 bar, as measured at a 

10 wellhead of a production well, to control an API gravity df condensable hydrocarbons 

within the produced mixture, wherein the pressure is reduced to decrease the API gravity, 
and wherein the pressure is increased to reduce the API gravity. 

54. A method of treating a coal formation in sijru, comprising: 

1 5 providing heat from one or more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from at least the portion to a selected section of the 
formation substantially by conduction of heat; 

pyrolyzing at least some hydrocarbons within the selected section of the 
20 formation; and 

producing a mixture from the formation. 

55. The method of claim 54, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 

25 pyrolyzes at least some hydrocarbons w ithin the selected section of the formation. 

56. The method of claim 54. wherein the one or more heat sources comprise electrical 
heaters. 

30 57. The method of claim 54. wherein the one or more heat sources comprise surface 
burners. 
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58. The method of claim 54, wherein the one or more heat sources comprise tlameless 
distributed combustors. 

5 59. The method of claim 54, wherein the one or more heat sources comprise natural 
distributed combustors. f 

60. The method of claim 54, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 

10 the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

61. The method of claim 54, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1.0 0 C per day during 

15 pyrolysis. 

62. The method of claim 54, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
20 sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyroly zes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p H 

25 wherein Pwr is the heating energy/day . h is an average heating rate of the 

formation, p H is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

63. The method of claim 54, wherein providing heat from the one or more heat 

30 sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 
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64. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

65. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

66. The method of claim 54, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 



co 



ndensable hydrocarbons ranges from about 0.001 to about 0.15. 



67. The method of claim 54, wherein tfie produced mixture comprises condensable 
hydrocarbons, and wherein less than aboiit 1 % by weight, when calculated on an atomic 

1 5 basis, of the condensable hydrocarbons is nitrogen. 

68. The method of claim 54. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



69. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

70. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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7 1 . The method of claim 54. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

72. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

73 . The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 °o by weight of the condensable 
hydrocarbons are asphaltenes. 



74. The method of claim 54, w herein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 

1 5 condensable hydrocarbons are cycloalkanes. / 

/ 
/ 
/ 

/ 

75. The method of claim 54, wherein t#e produced mixture comprises a non- 
condensable component, wherein the non^condensable component comprises hydrogen, 
w herein the hydrogen is greater than abotit 10 °o by volume of the non-condensable 

20 component, and wherein the hydrogen less than about 80 % by volume of the non- 
condensable component. 1 

i 
t 

76. The method of claim 54, wherein the produced mixture comprises ammonia, and 
w herein areater than about 0.05 % by weight of the produced mixture is ammonia. 



77. The method of claim 54. wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

78. The method of claim 54, further comprising controlling a pressure within at least 
30 a majority of the selected section of the formation, wherein the controlled pressure is at 

least about 2.0 bar absolute. 
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79 The method of claim 54. further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and 11, wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 

80. The method of claim 79, wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. 

81. The method of claim 54, further comprising altering a pressure within the 
,0 formation to inhibit production of hydrocarbons from the formation having carbon 

numbers greater than about 25. 

82. The method of claim 54, wherein controlling formation conditions comprises 
dating a portion of hydrogen from the mixture into the formation. 
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83. The method of claim 54, further comprising: 
providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section: and 

heating a portion of the section with heat from hydrogenation. 

84. The method of claim 54, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

85 The method of claim 54. wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

86 The method of claim 54. wherein allow ing the heat to transfer comprises 

30 substantially uniformly increasing a permeability of a majority of the selected section. 
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87. The method of claim 54. further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

88. The method of claim 54. wherein producing the mixture comprises producing the 
mixture in a production well, and wherein at least about 7 heat sources are disposed in the 
formation for each production well. 

89. The method of claim 54, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



90. The method of claim 54, further comprising providing heat from three or more 
heat sources to at least a portion of/the formation, wherein three or more of the heat 
1 5 sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to/ form a repetitive pattern of units. 

/ 

91 A method of treating $ coal formation in situ, comprising: 
20 providing heat from <pe or more heat sources to at least a portion of the 

formation; / 

allowing the heat tq transfer from the one or more heat sources to a selected 

section of the formation; ^nd 

heating the selected section such that a thermal conductivity of at least a portion 
25 of the selected section is greater than about 0.5 W/(m °C). 

92. The method of (flaim 91 , wherein the one or more heat sources comprise at least 
two heat sources, and Wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

30 
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93. The method of claim 9 1 . wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

5 94. The method of claim 91. wherein the one or more heat sources comprise electrical 
heaters. 

95. The method of claim 91, wherein the one or more heat sources comprise surface 
burners. 

10 

96. The method of claim 91 , wherein the one or more heat sources comprise flamelcss 
distributed combustors. 

97. The method of claim 91/ wherein the one or more heat sources comprise natural 
15 distributed combustors. 

98. The method of claim 9L further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled a^ a function of temperature, or the temperature is controlled as 

20 a function of pressure. 

99. The method of claim 91, further comprising controlling the heat such that an 
average heating rate of thje selected section is less than about 1 °C per day during 
pyrolysis. 

25 

1 00. The method of clfiim 9 1 , wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume ( O of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ). and wherein the heating 
30 pyrolyzcs at least some hydrocarbons within the selected volume of the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than /V, 
wherein l'wr is calculated by the equation: 
Pwr h*V*(\*l>» 

wherein Fur is the heating energy/day. h is an average heating rate of the 
formation, is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. 

101 . The method of claim 91, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

,02. The method of claim 91 . wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

103 The method of claim 91, wherem the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are oletfns. 



104 The method of claim 91. wherein the produced mixture comprises non- 
condensable hydrocarbons, and vfherein a molar ratio of ethene to ethane m the non- 

20 cor 



25 



ndensable hydrocarbons ranged from about 0.001 to about 0.15. 



,05 The method of cla.m ^/wherein the produced mixture comprises condensable 
hydrocarbons, and wherein .ess than about , % by weight, when calcu.ated on an atom.c 
basis, of the condensable hydrocarbons is nitrogen. 

,06 The method of claim 9U wherein (he produced mixture composes condensable 
hydrocarbons, and wherein iessrhan about I % by weight, when calculated on an atom.c 

basis, of the condensable hy drocarbons is oxygen. 



Conky Rose&Tason. I 1 <-' 



/ 

107. The method of claim 91 . wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

5 1()8. The method of claim 91. wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to, about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

10 109. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable- 
hydrocarbons are aromatic compounds. 

110. The method of claim 91, wherein the produced mixture comprises condensable 
, 5 hydrocarbons, and wherein less than about 5 % by weight of the condensable 

hydrocarbons comprises multi-rixig aromatics with more than two rings. 

111. The method of claim 91 . w herein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 

20 hydrocarbons are asphaltenes. 

1 12. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, and where/n about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

25 

113. The method of claim 91. wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
30 condensable component. 
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1 14. The method of claim 91, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

115. The method of claim 91 , wherein the produced mixture comprises ammonia, and 
5 wherein the ammonia is used to produce fertilizer. 

1 1 6. The method of claim 9 1 , further comprising controlling a pressure within at least 

a majority of the selected section of the formation, wherein the controlled pressure is at 

/ 

least about 2.0 bar absolute. / 

10 / 

1 1 7. The method of claim 9 1 , further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 

within the mixture is greater than ^bout 0.5 bar. 

/ 
/ 

15 118. The method of claim 1 1 i wherein the partial pressure of H 2 is measured when the 
mixture is at a production well, 

1 1 9. The method of claim 9 1 , further comprising altering a pressure within the 

formation to inhibit production of hydrocarbons from the formation having carbon 

/ 

20 numbers greater than about/25. 

1 20. The method of cla/m 91 , wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

25 121. The method of claim 91, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 
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122. The method of claim 91, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

5 123. The method of claim 91, wherein allowing tfce heat to transfer comprises 

increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

1 24. The method of claim 9 1 , wherein allowing the heat to transfer comprises 

10 substantially uniformly increasing a permeability of a majority of the selected section. 

125. The method of claim 91, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

15 126. The method of claim 9 1 , wherein producing the mixture comprises producing the 
mixture in a production well, and wherein at least about 7 heat sources are disposed in the 
formation for each production well. 

1 27. The method of claim 9 1 , further comprising providing heat from three or more 
20 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 28. The method of claim 9 1 , further comprising providing heat from three or more 
25 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located ifl the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

30 129. A method of treating a coal formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion ol the 
formation: 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; / 

controlling the heat from the one or more heat sources such that an average 
temperature within at least a majority of the sejected section of the formation is less than 
about 370 °C such that production of a substantial amount of hydrocarbons having carbon 
numbers greater than 25 is inhibited; 

controlling a pressure within at least a majority of the selected section of the 
formation, wherein the controlled pressure is at least 2.0 bar: and 

producing a mixture from the formation, wherein about 0.1 % by weight of the 
produced mixture to about 15 % by weight of the produced mixture are olefins, and 
wherein an average carbon number of the produced mixture ranges from 1 -25. 

1 30. The method of claim 129, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

131. The method of claim 1 29, wherein controlling formation conditions comprises 
20 maintaining a temperature within the selected section within a pyrolysis temperature 

range. 

132. The method of clairn 1 29, wherein the one or more heat sources comprise 
electrical heaters. 



15 



1 33. The method of claim 1 29. w herein the one or more heat sources comprise surface 
burners. 

134. The method of claim 1 29. wherein the one or more heat sources comprise 
30 nameless distributed combustors. 
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1 35. The method of claim 1 29. wherein the one or more heat sources comprise natural 
distributed combustors. 

1 36. The method of claim 1 29, further comprising controlling a pressure and a 

5 temperature within at least a majority of the ^elected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

137. The method of claim 1 29, further comprising controlling the heat such that an 
10 average heating rate of the selected section is less than about 1 °C per day during 

pyrolysis. 

138. The method of claim 129, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

15 heating a selected volurfie (V) of the coal formation from the one or more heat 

sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
20 Pwr = h*V*Cv*p H 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formatiori bulk density, and wherein the heating rate is less than about 10 
°C/day. 

25 139. The method of claim 129, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

140. The method of qlaim 1 29. wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
30 a portion of the selected section is greater than about 0.5 W/(m °C). 
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141 . The method of claim 129. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

5 142. The method of claim 129, wherein the produced mixture comprises non- 

condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from aboufO.OOl to about 0.15. 

143. The method of claim 129, wherein/the produced mixture comprises condensable 

/ 

10 hydrocarbons, and wherein less than abofk 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons /s nitrogen. 

144. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than /ibout 1 °o by weight, when calculated on an atomic 

15 basis, of the condensable hydrocarbons is oxygen. 

145. The method of claim 129, Wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thkn about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is sulfur. 

/ 

20 

146. The method of claim 120, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds compose phenols. 

25 

147. The method of claim/129, wherein the produced mixture comprises condensable 
hydrocarbons, and w herein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic Compounds. 
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1 48. The method of claim 1 29. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

5 1 49. The method of claim 1 29, wherein the produced'mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1 50. The method of claim 1 29, wherein the produced mixture comprises condensable 
1 o hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 

condensable hydrocarbons are cycloalkanes. 

151. The method of claim 1 29, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 

1 5 wherein the hydrogen is greater than about 1 0 0 o by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

1 52. The method of claim 1 29, wherein the produced mixture comprises ammonia, and 
20 wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

153. The method of claim 129. wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

25 1 54. The method of claim 129, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of 1 1 2 
within the mixture is greater than about 0.5 bar. 

1 55. The method of claim 1 54, wherein the partial pressure of H 2 is measured when the 
30 mixture is at a production well. 
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156. The method of claim 1 29. further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

5 157. The method of claim 1 29, further comprising: / 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

10 158. The method of claim 129, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

159. The method of claim 129, wherein allowing the heat to transfer comprises 

,5 increasing a permeability of a majority of the selected section to greater than about 100 

millidarcy. 

1 60. The method of claim 1 29, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

20 

161. The method of claim 129. further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

162 The method of claim 129. wherein producing the mixture comprises producing 
25 the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

163. The method of claim 129. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
30 sources arc located in the formation in a unit of heat sources, and wherein the unit of heat 

sources comprises a triangular pattern. 



240 



Conlev Rose& Tayon. F C 



/ 



1 64. The method of claim 1 29, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1 65. The method of claim 129, further comprising separating the produced mixture 
into a gas stream and a liquid stream. 

1 66. The method of claim 1 29. further comprising separating the produced mixture 
into a gas stream and a liquid stream and separating the liquid stream into an aqueous 
stream and a non-aqueous stream. 

167. The method of claim 129, wherein the produced mixture comprises H 2 S, the 
method further comprising separating a portion of the H 2 S from non-condensable 
hydrocarbons. 

168. The method of claim 129. wherein the produced mixture comprises C0 2 , the 
method further comprising Separating a portion of the C0 2 from non-eondensable 
hydrocarbons. 

1 69. The method of cl^m 1 29. wherein the mixture is produced from a production 
well, wherein the heating is controlled such that the mixture can be produced from the 
formation as a vapor. 

1 70. The method of c|aim 1 29. wherein the mixture is produced from a production 
well, the method further comprising heating a wellbore of the production well to inhibit 
condensation of the mixture w ithin the wellbore. 
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171. "I he method of claim 1 29. wherein the mixture is produced from a production 
well, wherein a wellbore of the production well comprises a heater element configured to 
heat the formation adjacent to the wellbore. and further comprising heating the formation 
with the heater element to produce the mixture, wherein the produced mixture comprise a 
large non-condensable hydrocarbon gas component and H 2 . 

1 72. The method of claim 1 29. wherein the minimum pyrolysis temperature is about 
270 °C. 

173. The method of claim 1 29. further comprising maintaining the pressure within the 
formation above about 2.0 bar absolute to inhibit production of fluids having carbon 
numbers above 25. 

1 74. The method of claim 1 29, further comprising controlling pressure within the 
formation in a range from about atmospheric pressure to about 100 bar absolute, as 
measured at a wellhead of a production well, to control an amount of condensable fluids 
within the produced mixture, wherein the pressure is reduced to increase production of 
condensable fluids, and wherein the pressure is increased to increase production of non- 
condensable fluids. 

175. The method of claim 129. further comprising controlling pressure within the 
formation in a range from about atmospheric pressure to about 100 bar absolute, as 
measured at a wellhead of a production well, to control an API gravity of condensable 
fluids within the produced mixture, wherein the pressure is reduced to decrease the API 

25 gravity, and wherein tlae pressure is increased to reduce the API gravity. 

1 76. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 



15 



20 



0 



formation: 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation: 
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conlrolling a pressure within at least a majority of the selected section of the 
formation, wherein the controlled pressure is at least about 2.0 bar absolute: and 
producing a mixture from the formation. 

1 77. The method of claim 1 76, wherein controlling the pressure comprises controlling 
the pressure with a valve coupled to at least one of the one or more heat sources. 

1 78. The method of claim 1 76. wherein controlling the pressure comprises controlling 
the pressure with a valve coupled to a production well located in the formation. 

179. The method of claim 176. wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



ses 



1 80. The method of claim 1 76, wherein controlling formation conditions compn 
maintaining a temperature within the selected section within a pyrolysis temperature 

range, 

181. The method of claim 1 76, wherein the one or more heat sources comprise 
20 electrical heaters. 

182. The method of claim 176, wherein the one or more heat sources comprise surface 
burners. 



1 83 . The method of claim 1 76. wherein the one or more heat sources comprise 
llameless distributed combustors. 

1 84. The method of claim 1 76, wherein the one or more heat sources comprise natural 
distributed combustors. 



30 
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1 85. The method of claim 1 76. further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 



25 



pressure. * 

1 86. The method of claim 1 76. further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 

pyrolysis. 

1 87. The method of claim 1 76. wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C\). and wherein the heating 
pvrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pht. 
wherein Pwr is calculated by the equation: 
Pmt - h*V*C v *p H 

wherein Pwr is the heating energy/day. h is an average heating rate of the 
formation, p H is formation bulk density, and wherein the heating rate is less than about 10 
20 °C/day. 

188. The method of claim 1 76, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1 89. The method of claim 1 76. wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1 90. The method of claim 1 76. wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 
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191. The method of claim 176. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight of the 
eondensable hydrocarbons are olefins. 

1 92. The method of claim 1 76, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a mo/ar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from aboylt 0.001 to about 0.15. 

193. The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



194. The method of claim 176, wfherein the produced mixture comprises condensable 
hydrocarbons, and wherein less ttydi about 1 % by weight, when calculated on an atomic 

1 5 basis, of the condensable hydrocarbons is oxygen. 

195. The method of claim 176. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



25 



196. The method of claim 176. wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by w eight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxy gen 
containing compounds comprise phenols. 

197. The method of claim 1 76. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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1 98. The method of claim 1 76, wherein the produced mixture comprises condensable 
hydrocarbons, and w herein less than about 5 % by weight of the condensable 

hy drocarbons comprises multi-ring aromatics with more than two rings. 

1 99. The method of claim 1 76. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by-height of the condensable 
hydrocarbons are asphaltenes. j 

i 
j 

200. The method of claim 1 76, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight fo about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



201. The method of claim 176, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 

,5 wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is lesg than about 80 % by volume of the non- 
condensable component. 

202. The method of claim 1 76, wherein the produced mixture comprises ammonia, and 
20 wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

203. The method of claim 176. wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

25 204. The method of claim 1 76, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 . wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 

205. The method of claim 204. wherein the partial pressure of H 2 is measured when the 
30 mixture is at a production well. 
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206. The method of claim 1 76. further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

207. The method of claim 1 76, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



208. The method of claim 176, further comprising: 

providing hydrogen (H 2 ) to the heated Section to hydrogenate hydrocarbons 
10 within the section; and 

heating a portion of the section with heat from hydrogenation. 

209. The method of claim 1 76, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 

1 5 produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

210. The method of claim 1 76. wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

20 

211. The method of claim 1 76, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

212. The method of claim 1 76. further comprising controlling the heat to yield greater 
25 than about 60 % by weight of condensable hydrocarbons, as measured by F ischcr Assay. 

213. The method of claim 176. wherein producing the mixture from the formation 
comprises producing the mixture in a production well, and wherein at least about 7 heat 
sources are disposed in the formation for each production well. 

30 

2 1 4. A method of treating a coal formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation; and 
5 controlling a pressure within at least a majority of the selected section of the 

formation, wherein the controlled pressure is at least about 2.0 bar absolute; 

controlling the heat from the one or more hf at sources such that an average 
temperature within at least a majority of the selected section of the formation is less than 

about 375 °C; and / 
l o producing a mixture from the formation. 

215. The method of claim 214. wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyz.es at least some hydrocarbons within the selected section of the formation. 

15 

216. The method of claim 2 1 4, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

20 217. The method of claim 214, wherein the one or more heat sources comprise 
electrical heaters. 

218. The method of claim 2 1 4, wherein the one or more heat sources comprise surface 
burners. 

25 

219. The method of claim 214, wherein the one or more heat sources comprise 
flameless distributed combustors. 

220. The method of claim 214. wherein the one or more heat sources comprise natural 
30 distributed combustors. 



248 



C'onlc>. Rose & Taynn. 1' C" 



f 

"1 The method of claim 214. further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 

a function of pressure. 

212 The method of claim 214, further comprisin^controlling the heat such that an 
average heating rate of the selected section is lessen about 1 T per day during 

pyrolysis. / 

10 223. The method of claim 214. wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume ( V) of the coal formation from the one or more heat 
sources wherein the formation has an average heat capacity «;>. and wherein the heatmg 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/dav provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p„ 

wherein Pur is the heating energy/day. h is an average heating rate of the 
formation, p w is formation bulk density, and wherein the heating rate is less than about 1 0 

20 °C/day. 

224. The method of claim 2 1 4, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

i L f , -ou xvViprmn nrovidin" heat from the one or more heat 
? 5 The method of claim 214, wherein prowuin & neat 

sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of uWselected section is greater than about 0.5 W/(m °C). 

226. The rnethod of claim 214. wherein the produced mixture comprises condensable 
30 hydrocarbons having an API gravity of at least about 25°. 
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227. The method of claim 2 1 4. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons arc olefins. j 

228. The method of claim 214, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

229. The method of claim 214, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



230. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

1 5 basis, of the condensable hydrocarbons is nitrogen. 

231. The method of claim 214. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



232. The method of claim 214. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

233. The method of claim 214. wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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234. The method of claim 214. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

235. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

236. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphallenes. 

237. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



238. The method of claim 214, wherein the produced mixture comprises a non- 
condcnsable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 

20 component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

239. The method of claim 214, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



25 



240. The method of claim 2 1 4, wherein the produced mixture comprises ammonia, and 
herein the ammonia is used to produce fertilizer. 



w 



241 . The method of claim 214. wherein controlling the heat further comprises 
30 controlling the heat such that coke production is inhibited. 
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242. The method of claim 214. further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H,, wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 

243. The method of claim 242, wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. 

244. The method of claim 2 1 4, further comprising altering the pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

245. The method of claim 2 1 4. wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

/ 

246. The method of claim 214, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydro genati on. 

247 . The method of claim '2 14, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



248. The method of claim 214. wherein allowing the heat to transfer comprises 

25 increasing a permeability of a majority of the selected section to greater than about 100 
millidarcv. 

249. The method of claim 214. wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 
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250. The method of claim 2 1 4, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

.51 The method of claim 214. wherein producing the mixture comprises producing 
5 the mixture in a production well, and wherein at least about 7 heat sources arc disposed in 
the formation for each production well. 

252. The method of claim 214, furth^ comprising providing heat from three or more 
heat sources to at least a portion of W formation, wherein three or more of the heat 
,0 sources are located in the formation in a unit of heat sources, and wherein the unit ot heat 
sources comprises a triangular pattern. 

253 The method of claim 214, further comprising providing heat from three or more 
heat sources to at least a portioa of the formation, wherein three or more of the heat 
15 sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

254. A method of treating a coal formation in situ, comprising: 
20 providing heat from one or more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation; 

producing a mixture from the formation, wherein at least a portion of the mixture 
25 is produced during the pyrolysis and the mixture moves through the formation in a vapor 

phase; and 

maintaining a pressure w ithin at least a majority of the selected section above 
about 2.0 bar absolute. 

30 955 The method of claim 254. wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pvroh /es at least some hydrocarbons w ithin the selected section of the formation. 
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256. The method of claim 254. wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 



range. 



257. The method of claim 254, wherein the one or more heat sources comprise 
electrical heaters. 

258. The method of claim 254. whsrein the one or more heat sources comprise surface 
10 burners. 

259. The method of claim 254, wherein the one or more heat sources comprise 

flameless distributed combustor?. 

/ 



260. The method of claim 2^4. wherein the one or more heat sources comprise natural 
distributed combustors. 

261 . The method of clairri 254. further comprising controlling the pressure and a 
temperature within at least k majority of the selected section of the formation, wherein 
the pressure is controlled ap a function of temperature, or the temperature is controlled as 
a function of pressure. 

262. The method of claim 254, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

263. The method of claim 254. wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume ( V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C\). and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation: and 
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wherein heating energy/day provided to the volume is equal to or less than P\\i\ 
wherein Pwr is calculated by the equation: 
Pwr h*V*C v *p H 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
5 formation, p H is formation bulk density, and w herein the heating rate is less than about 1 0 
°C7day. 

264. The method of claim 254, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

10 

265. The method of claim 254, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section i<; greater than about 0.5 W/(m °C). 

1 5 266. The method of claim 254^ wherein the produced mixture comprises condensable 
hydrocarbons having an API gnr lty of at least about 25°. 

267. The method of claim 354, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 

20 condensable hydrocarbons are olefins. 

268. The method of claim 254. wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

"> < 

269. The method of claim 254, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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270. 1 he method oi claim 254. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 °o by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

5 271 . The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 °o by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

272. The method of claim 254. wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is sulfur. 

273. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 %,|j>y w;eight to about 30 % by weight of the condensable 

1 5 hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

274. The method of claim 254. Wherein the produced mixture comprises condensable 
hydrocarbons, and w herein greater than about 20 % by weight of the condensable 

20 hydrocarbons are aromatic compounds. 

275. The method of claim 264. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein le/ss than about 5 0 o by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

25 

276. The method of clairq 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0,3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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277. The method of claim 254. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

278. The method of claim 254. wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

279. The method of claim 254. wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

280. The method of claim 254. wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

28 1 . The method of claim 254, wherein the pressure is measured at a wellhead of a 
production well. 

282. The method of claim 2?4, wherein the pressure is measured at a location within a 
wellbore of the production well. 



283. The 
absolute. 



method of claim 254, wherein the pressure is maintained below about 1 00 bar 



284. The method of claim 254, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and I K wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 

, 285. The method of claim 284. wherein the partial pressure of H 2 is measured when the 

mixture is at a production well. 
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, 8o The mc.hod of claim 254. further comprising altering a pressure within ,he 
nation to inh.bit production „f hydrocarbons from the formation having carbon 
numbers greater than about 25. 

„7 The method of claim 254, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formanon. 

288 The method of claim 254, further comprising: 

providing hydrogen (IT ) to the heated section to hydrogenate hydrocarbons 

within the section: and 

heating a portion of the section with heat from hydrogenatton. 

28 , The method of claim 254, wherein the produced mixture comprises hydrogen and 
l5 condense hydrocarbons, the method further comprising hydrogenating a porno, of the 
produced condensable hydrocarbons with a, leas, a portion of the produced hydrogen. 

The method of claim 254, wherem allowmgihe hea, ,„ transfer composes 
ceasing a permeabi.i.y of a majority of the seTected section ,„ greater than about 

20 millidarcy. 

, , e . • whprcin allowing the heat to transfer comprises 

291 The method ot claim i54 ? wherein aiio\M»b 

su bs,an,ia„y uniformly tnereasing a permeability of a majority of the selected seetton. 

„ ^ The method of claim 254. further comprising eontro.lmg the hea, to yield greater 
"" abou, 60 % by weigh, of condensable hydrocarbon, as measured by Fischer Assay. 

,„ The method of claim 254. wherein producing the mixture comprises producing 
me mixture in a production we,,, and wherein a, ieas, abou, 7 hea, sources are disposed m 
30 the formation for each production well. 
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294. The method of claim 254. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

5 

295. The method of claim 254, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, w herein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

10 over an area of the formation to form a repetitive pattern of units. 

296. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; 

1 5 allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation; 

maintaining a pressure within at least a majority of the selected section of the 
formation above 2.0 bar absolute; and 

producing a mixture from the formation, wherein the produced mixture comprises 
20 condensable hydrocarbons having an API gravity higher than an API gravity of 
condensable hydrocarbons in a mixture producible from the formation at the same 
temperature and at atmospheric pressure. 

297. The method of claim 296. wherein the one or more heat sources comprise at least 
25 two heat sources, and wherein superposition of heat from at least the two heat sources 

pyrolyzes at least some hydrocarbons yvithm the selected section of the formation. 

298. The method of claim 296, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 

30 range. 
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,99. The method of claim 296. wherein the one or more heat sources comprise 



299 

electrical heaters. 

300. The method of claim 296, wherein the one or more heat sources comprise surface 

burners. 

301 . The method of claim 296, wherein the one or more heat sources comprise 
flameless distributed combustors. 

302. The method of claim 296, wherein the one or more heat sources comprise natural 

distributed combustors. 

303 The method of claim 296, further comprising controlling the pressure and a 
temperature within a. tat a majon.y of the selected section of the formation, wlterem 
the pressure ,s controlled as a function of temperature, or the temperature is controlled as 

a function of pressure. 

304 The method of claim 296, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 

pyrolysis. 

305. The method of claim 296, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume ( I ) of the coal formation from the one or more heat 
sources wherein the formation has an average heat capacity (C v >. and wherein the heating 
pvroKves at least some hydrocarbons within the selected volume of the formation; and 

wherein heating eiergy/day provided to the volume is equal to or less than /Mr. 
wherein Pwr is calculated by the equation: 

Pwr = h*V*CSi>A 
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wherein Pur is the heating energy/day. h is an average heating rate of the 
formation./,, is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

306. The method of claim 296, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

307. The method of claim 296. wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

308. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

/ 

309. The method of claim 296. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 

310. The method of claim 296, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1% by weight to about 1 5 % by weight 
of the non-condensable hydrocarbons are olefins. 

311. The method of claim 296, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 

ndcnsable hydrocarbons ranges from about 0.001 to about 0.15. 



CO 



312. The method of claim 296. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein lass than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



261 



("onlcy. Rose & Ta\on. P C 



5 



10 



15 



30 



313. The method of claim 296. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

3 1 4. The method of claim 296. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

315. The method of claim 296. wherein the/produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

316. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



3 1 7. The method of claim 296. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less tjian about 5 % by weight of the condensable 

20 hydrocarbons comprises multi-ring aromatics with more than two rings. 

318. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

25 

319. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons arc cycloalkanes. 



320. The method of claim 296. wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen. 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

5 32 1 . The method of claim 296, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by w eight of the produced mixture is ammonia. 

322. The method of claim 296, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

10 

323. The method of claim 296. further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of lb 
within the mixture is greater than about 0.5 bar. 

1 5 324. The method of claim 296, wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. 

325. The method of claim 296, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 

20 numbers greater than about 25. 

326. The method of claim 296, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



25 327. The method of claim 296, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenatc hydrocarbons 
within the section; and 

heating a portion of the section w ith heat from hydrogenation. 
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328. The method of claim 296. wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

329. The method of claim 296. wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

/ 

330. The method of claim 296, wherein allowing th0 heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

331. The method of claim 296. further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

332. The method of claim 296, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

333. The method of claim 296, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern.; 

334. The method of claim 296. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units arc repeated 
over an area of the formation to form a repetitive pattern of units. 

335. A method of treating a coal formation in situ, comprising: 



264 



Conlcy. Rose* Tayon. PC 



prov iding heat from one or more heat sources to at least a portion of the 



formation; 



10 



allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation; 

maintaining a pressure within at least a majority of the selected section of the 

formation to above 2.0 bar absolute; and 

producing a fluid from the formation, wherein condensable hydrocarbons within 
the fluid comprise an atomic hydrogen to atomic carbon ratio of greater than about 1 .75. 

336. The method of claim 335, wherein the one of more heat sources comprise at least 
two heat sources, and wherein superposition of heAt from at least the two heat sources 
pyrolyz.es at least some hydrocarbons within the selected section of the formation. 

337. The method of claim 335, wherein controlling formation conditions comprises 
1 5 maintaining a temperature within the selected section within a pyrolysis temperature 

range. / 

338. The method of claim 335, wherein the one or more heat sources comprise 
electrical heaters. 



20 



339. The method of claim 335, wherein the one or more heat sources comprise surface 
burners. 

340. The method of claim 335. wherein the one or more heat sources comprise 
flameless distributed combustors./ 

34 1 . The method of claim 335, wherein the one or more heat sources comprise natural 
distributed combustors. 

30 342. The method of claim 335. further comprising controlling the pressure and a 
temperature within at least a majority of the selected section of the formation, w herein 
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the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

343. The method of claim 335, further comprising controlling the heat such that an 
5 average heating rate of the selected section is less than about 1 °C per day during 

pyrolysis. 

344. The method of claim 335, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

1 o heating a selected volume ( F) of the coal formation from the one or more heat 

sources, wherein the formation has an average heat capacity (C v ). and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation: and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 
15 Pwr - h*V*C v *p H 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p H is formation bulk density, £nd wherein the heating rate is less than about 1 0 
°C/day. 

20 345. The method of claim 335, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

346. The method of claim 335, ivherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section ip greater than about 0.5 W/(m °C). 



2S 



347. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 
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348. The method of claim 335. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 

5 349. The method of claim 335. wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

350. The method of claim 335, wherein the produced mixture comprises non- 
10 condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

351. The method of claim 335. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 .% by weight, when calculated on an atomic 

15 basis, of the condensable hydrocarbons is nitrogen. 

352. The method of claim 335. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxy gen. 

20 

353. The method of claim 335. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

25 354. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, w herein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1 
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355. The method of claim 335. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

356. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

357. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and w herein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



358. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 

1 5 condensable hydrocarbons are cycloalkanes . 

359. The method of claim 335. wherein the produced mixture^comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 

20 component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

360. The method of claim 335^ wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

25 

361. The method of claim 335, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

362. The method of claim 335. further comprising controlling formation conditions to 
30 produce a mixture of condensable hydrocarbons and H 2 . wherein a partial pressure of H 2 

within the mixture is greater than about 0.5 bar. 
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363. The method of claim 335, wherein the partial pressure of H : is measured when the 
mixture is at a production well. 

5 364. The method of claim 335, further comprising altering the pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

365. The method of claim 335, wherein controlling formation conditions comprises 
! o recirculating a portion of hydrogen from the mixture into the formation. 



366. The method of claim 335. further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section wUh heat from hydrogenation. 



15 
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367. The method of claim 335. wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons/ with at least a portion of the produced hydrogen. 

368. The method of claim 335. therein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

369. The method of claim 335. wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

370. The method of claim 335. further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



30 
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371 . The method of claim 335. wherein producing the mixture comprises producing 

the mixture in a production well, and wherein at least about 7 heat sources are disposed in 

the formation for each production well. , 

t 

5 372. The method of claim 335, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of hea* sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

10 373, The method of claim 335, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

15 

374. A method of treating a coal formation in situ, comprising: 
providing heat from one or mate heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
20 section of the formation; 

maintaining a pressure within at least a majority of the selected section of the 
formation to above 2.0 bar absolute; and 

producing a mixture froi]fi the formation, wherein the produced mixture comprises 
a higher amount of non-condensable components as compared to non-condensable 
25 components producible from the formation under the same temperature conditions and at 
atmospheric pressure. 

I 

375. The method of claim 374, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 

30 pyrolyzes at least some hydrocarbons w ithin the selected section of the formation. 
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376. I he method of claim 374, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

5 377. The method of claim 374, wherein the one or more heat sources comprise 
electrical heaters. 

378. The method of claim 374, wherein the one or more heat sources comprise surface 
burners. 

10 

379. The method of claim 374, wherein the one or more heat sources comprise 
flameless distributed combustors. 

380. The method of claim 374. wherein the 6ne or more heat sources comprise natural 

I 

15 distributed combustors. 

381 . The method of claim 374, further comprising controlling the pressure and a 
temperature w ithin at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 

20 a function of pressure. 

382. The method of claim 374, furthqt comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

25 / 

383. The method of claim 374, wherein providing heat from the one or more heat 
sources to at least the portion of formjation comprises: 

heating a selected volume ( f) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity ((.\.), and wherein the heating 
30 pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than P\\f\ 
wherein Pwr is calculated by the equation: 
Pwr ~ h*VH\*p H 

wherein Pwr is the heating energy/day. h is an average heating rate of the 
5 formation, p H is formation bulk density, and wherein the locating rate is less than about 10 
°C/day. 

384. The method of claim 374, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

10 

385. The method of claim 374, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than ^bout 0.5 W/(m °C). 

15 386. The method of claim 374, wherein the/produced mixture comprises condensable 
hydrocarbons having an API gravity of at le^st about 25°. 

387. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 

20 condensable hydrocarbons are olefins. 

388. The method of claim 374, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons £re olefins. 

25 ; 

389. The method of claim 374. wherein the produced mixture comprises non- 
condensable hydrocarbons, and wheijein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges fnj>m about 0.001 to about 0.15. 
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390. The method of claim 374. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

5 391 . The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

392. The method of claim 374. wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 % bv weieht when calculated on an atomic 

basis, of the condensable hydrocarbons is sulfur. 

393. The method of claim 374, w herein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight tq about 30 % by weight of the condensable 

15 hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

394. The method of claim 374. w herein the produced mixture comprises condensable 
hydrocarbons, and wherein greater thap about 20 % by weight of the condensable 

20 hydrocarbons are aromatic compounds. 

395. The method of claim 374, w herein the produced mixture comprises condensable 
hydrocarbons, and wherein less thqin about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

25 

396. The method of claim 374,u wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by w eight of the condensable 
hydrocarbons are asphaltenes. 
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397. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

5 398. The method of claim 374, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

10 

399. The method of claim 374, wherein the produced mixture comprises ammonia, and 
w herein greater than about 0.05 % by weight of the produced mixture is ammonia. 

400. The method of claim 374, wherein the produced mixture comprises ammonia, and 
15 wherein the ammonia is used to produce fertilizer. 

401 . The method of claim 374, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of IT 
within the mixture is greater than about 0.5 bar. 

20 

402. The method of claim 374, wherein the partial pressure of H 2 is measured when the 
mixture is at a production well 

403. The method of claim 374. further comprising altering the pressure within the 
25 formation to inhibit production of hy drocarbons from the formation having carbon 

numbers greater than about £5. 

404. The method of claim 374, further comprising: 

providing hydrogen (II 2 ) to the heated section to hydrogenate hydrocarbons 
30 within the section: and 

heating a portion of the section w ith heat from hydrogenation. 
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405. The method ofclaim 374. wherein the produeed mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

406. The method of claim 374, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

407. The method of claim 374, wherein allowing thfc heat to transfer comprises 
substantially uniformly increasing a permeability of /a majority of the selected section. 

408. The method of claim 374, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hyd/ocarbons, as measured by Fischer Assay. 

409. The method of claim 374, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

410. The method of claim 374, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

411. The method ofclaim 374, further comprising providing heat from three or more 
heat sources to at least a portion ofthe formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

412. A method of treating a coal formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation: 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that superimposed heat from the one or more heat sources 
5 pyroly/es at least about 20 % by weight of hydrocarbons within the selected section of 
the formation; and 

producing a mixture from the formation. 

413. The method of claim 412, wherein the one or more heat sources comprise at least 
10 two heat sources, and wherein superposition of heat from at least the two heat sources 

pyroly/.es at least some hydrocarbons within the selected section of the formation. 

414. The method of claim 412, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 

1 5 range. 

415. The method of claim 412, wherein the one or more heat sources comprise 
electrical heaters. 



20 
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416. The method of claim 412, ^herein the one or more heat sources comprise surface 
burners. 

417. The method of claim 412, wherein the one or more heat sources comprise 
flameless distributed combustors. 

418. The method of claim 412. wherein the one or more heat sources comprise natural 
distributed combustors. 

419. The method of claim 412. further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
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the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

420. The method of claim 412, further comprising controlling^ heat such that an 
5 average heating rate of the selected section is less than about 1 X: per day during 

pyrolysis. 

421 . The method of claim 412, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

10 heating a selected volume ( V) of the coal formation from the one or more heat 

sources, wherein the formation has an average heat capacity (C/ v ). and wherein the heating 
p\rolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than P\\i\ 
wherein Pwr is calculated by the equation: 
15 Pwr = h*V*t\*p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation,/?* is formation bulk density, and wherein the heating rate is less than about 10 
°(7day. 



20 422. The method of claim 4 1 2, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

423. The method of claim 412, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 

25 least a portion of the selected section is greater than about 0.5 W/(m °C). 

424. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 
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425. The method of claim 412. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

5 426. The method of claim 412, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

427. The method of claim 4 1 2, wherein the produced mixture comprises non- 

1 o condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

428. The method of claim 4 1 2, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than atyut 1 % by weight, when calculated on an atomic 

1 5 basis, of the condensable hydrocarbons is nitrogen. 

429. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thin about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



20 



430. The method of claim 412. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

43 1 The method of claim 412. wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxy$en containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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432. The method of claim 412. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

5 433. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

434. The method of claim 4 1 2, wherein the produced mixture comprises condensable 
1 o hydrocarbons, and wherein less than about 0.3 0 o by weight of the condensable 

hydrocarbons are asphaltenes. 

435. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 

1 5 condensable hydrocarbons are cycloalkanes. 

436. The method of claim 4 1 2, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 

20 component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

437. The method of claim 412, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

25 

438. The method of claim 412, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

439. The method of claim 412, further comprising controlling a pressure within at least 
30 a majority of the selected section of the formation, wherein the controlled pressure is at 

least about 2.0 bar absolute. 
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440. The method of claim 412, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and 1 1 2 . wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 

5 

441. The method of claim 412, wherein the partial pressure of \h is measured when the 
mixture is at a production well. 

442. The method of claim 412, further comprising altering a pressure within the 
10 formation to inhibit production of hydrocarbons from the formation having carbon 

numbers greater than about 25. 

443. The method of claim 412, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

15 

444. The method of claim 412, further comprising: 

providing hydrogen (B 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 

20 

445. The method of clatai 412, wherein the produced mixture comprises hydrogen and 
condensable hydrocarborvs, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

25 446. The method of claim 412, wherein allowing the heat to transfer comprises 

increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

447. The method of claim 412. wherein allow ing the heat to transfer comprises 
30 substantially uniformly increasing a permeability of a majority of the selected section. 
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448. The method of claim 4 1 2. further comprising controlling the heat to yield greater 
than ahout 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



449. The method of claim 412, wherein producing the mixture comprises producing 

5 the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

450. The method of claim 412, further comprising providing heat from three or more 
heat sources to at least a portion of the formatioh, wherein three or more of the heat 

10 sources are located in the formation in a unit pf heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

451 . The method of claim 412. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

1 5 sources are located in the formation iry a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to forrh a repetitive pattern of units. 

452. A method of treating a coal formation in situ, comprising: 

20 providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that superimposed heat from the one or more heat sources 
pyrolyzes at least about 20 % of hydrocarbons w ithin the selected section of the 
25 formation; and 

producing a mixture from the formation, wherein the mixture comprises a 
condensable component having an API gravity of at least about 25°. 

453. The method of claim 452. wherein the one or more heat sources comprise at least 
30 two heat sources, and wherein superposition of heat from at least the two heat sources 

pyrolyzes at least some hydrocarbons within the selected section of the formation. 
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454. The method of claim 452, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

5 455. The method of claim 452, wherein the one or more heat sources comprise 
electrical heaters. 

456. The method of claim 452, wherein the one or more heat sources comprise surface 
burners. 

10 

457. The method of claim 452, wherein the one or more heat sources comprise 
Oameless distributed combustors. 

458. The method of claim 452, wherein the one or more heat sources comprise natural 
15 distributed combustors. 

459. The method of claim 452, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 

20 a function of pressure. 

460. The method of claim 452, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

25 

461 . The method of claim 452, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume ( I ) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ). and wherein the heating 
30 pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than Pur. 
wherein Pur is ealeulated by the equation: 
Pu r - /?*! *( \ *() h 

wherein Pur is the heating energy/day, h is an average heating rate of the 
5 formation, p H is formation bulk density, and wherein the heating rate is less than about 1 0 

°C/day. 

462. The method of claim 452, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

10 

463. The method of claim 452, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1 5 464. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

465. The method of claim 452, wherein the produced mixture comprises non- 
20 condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 

of the non-condensable hydrocarbons are olefins. 

466. The method of claim 452, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
25 condensable hydrocarbons ranges from about 0.001 to about 0.15. 

467. The method of claim 452. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

30 
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468. The method of claim 452. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

5 469. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

470. The method of claim 452. wherein the produced mixture comprises condensable 

1 o hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

471. The method of claim 452, wherein the produced mixture comprises condensable 
1 5 hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

hydrocarbons are aromatic compounds. 

472. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 

20 hydrocarbons comprises multi-ring ^omatics with more than two rings. 

473. The method of claim 452. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less th^n about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

25 

474. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

30 475. The method of claim 452. wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen. 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

5 476. The method of claim 452, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

477. The method of claim 452, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer: 

10 

478. The method of claim 452, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

/ 

1 5 479. The method of claim 452, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is greater than aboiit 0.5 bar. 

480. The method of claim 452, wherein the partial pressure of H 2 is measured when the 
20 mixture is at a production well. 

481. The method of claim 452, further comprising altering a pressure within the 
formation to inhibit production off hydrocarbons from the formation having carbon 
numbers greater than about 25. 

25 i 

482. The method of claim 452, w herein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

483. The method of claim 452, further comprising: 

30 providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and 
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heating a portion of the seetion with heat from hydrogenation. 

484. The method of elaim 452, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 

5 produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

485. The method of claim 452, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

10 

486. The method of claim 452, whereir> allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

487. The method of claim 452, further comprising controlling the heat to yield greater 
15 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

488. The method of claim 452, ^herein producing the mixture comprises producing 
the mixture in a production well. And wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

20 

/ 

489. The method of claim 452, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 

i 

sources comprises a triangular pattern. 

25 

490. The method of clair^ 452. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

30 over an area of the formation to form a repetitive pattern of units. 
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491 . A method of treating a layer of a eoal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the layer. 

wherein the one or more heat sources are positioned proximate an edge of the layer; 
allowing the heat to transfer from the one or more heat sources to a selected 
5 section of the layer such that superimposed heat from the one or more heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation; and 
producing a mixture from the formation. 

492. The method of claim 49 1 , wherein the one or more heat sources are laterally 
l o spaced from a center of the layer. 

493. The method of claim 491 , wherein the one or more heat sources are positioned in 
a staggered line. 



15 



494. The method of claim 491, wherein the one or more heat sources positioned 
proximate the edge of the layer can increase an amount of hydrocarbons produced per- 
unit of energy input to the one or more heat sources. 

495. The method of claim 491, wherein the one or more heat sources positioned 
20 proximate the edge of the layer can increase the volume of formation undergoing 

pyrolysis per unit of energy input to the one or more heat sources. 

496. The method of claim 49 1 , wherein the one or more heat sources comprise 
electrical heaters. 



25 



497. The method of claim 491 , wherein the one or more heat sources comprise surface 
burners. 

498. The method of claim 49 1 . wherein the one or more heat sources comprise 
30 tlameless distributed combustors. 
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499. The method of claim 49 1 , wherein the one or more heat sources comprise natural 
distributed combustors. 

500. The method of claim 49 1 . further comprising controlling a pressure and a 

5 temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

501. The method of claim 491, further comprising controlling the heat such that an 
10 average heating rate of the selected section is less than about 1 .0 ° C per day during 

pyrolysis. 

502. The method of claim 491 , wherein providing heat from the one or more heat 
sources to at least the portion of the layer comprises: 

1 5 heating a selected volume ( V) of the coal formation from the one or more heat 

sources, wherein the formation has an average heat capacity (C v ). and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

20 Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

25 503. The method of claim 49U wherein providing heat from the one or more heat 

sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

504. The method of claim 49 1 . wherein the produced mixture comprises condensable 
30 hydrocarbons having an API gravity of at least about 25°. 
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505. The method of claim 491 . wherein the produced mixture comprises condensable 
hydrocarbons, and w herein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

5 506 The method of claim 491 , wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.1 5. 

507. The method of claim 49 K wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 c o by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is nitrogen. 

508. The method of claim 491, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

15 basis, of the condensable hydrocarbory^ is oxygen. 

/ 
/ 
/ 

509. The method of claim 491, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less th^n about 1 0 o b\ weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

20 / 

510. The method of claim 491 , wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygep containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

25 

511. The method of claim 491 , wherein the produced mixture comprises condensable 
hydrocarbons, and w herein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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512. The method of claim 491, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

/ 

5 513. The method of claim 49 L wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

514. The method of claim 491 , wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 

condensable hydrocarbons are cycloalkanes. 

515. The method of claim 491 , wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 

1 5 wherein the hydrogen is greater than about 10% by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

516. The method of claim 491 , wherein the produced mixture comprises ammonia, and 
20 wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

517. The method of claim 491 > wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

25 518. The method of claim 491. further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

519. The method of claim 491 . further comprising controlling formation conditions to 
30 produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 
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520. The method of claim 519, wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. 

5 52 1 . The method of claim 491, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

522. The method of claim 491 , further comprising controlling formation conditions, 
10 wherein controlling formation conditions comprises recirculating a portion of hydrogen 

from the mixture into the formation. 

523. The method of claim 491, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

1 5 w ithin the section; and 

heating a portion of the section with heat from hydrogenation. 

524. The method of claim 491 , wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 

20 produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

525. The method of claim 491, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

25 ' 

526. The method of claim 491 . wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

527. The method of claim 491 , further comprising controlling the heat to y ield greater 
30 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 
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528. The method of claim 491 . wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

5 529. The method of claim 491 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

10 530. The method of claim 491 , further Comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

15 

53 1 . A method of treating a coal formation in situ, comprising: 
providing heat from one' or more heat sources to at least a portion of the 

formation: 

allowing the heat to transfer from the one or more heat sources to a selected 
20 section of the formation; arud 

controlling a pressure and a temperature w ithin at least a majority of the selected 
section of the formation, wherein the pressure is controlled as a function of temperature, 
or the temperature is controlled as a function of pressure; and 

producing a mixture from the formation. 

25 

532. The method of claim 53 1 , wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 
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533 The method of claim 531 . wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 



range. 



34. The method of claim 531. wherein the one or more heat sources comprise 



5 5 

electrical heaters. 



535. The 
burners. 



method of claim 531, wherein the one or more heat sources comprise surface 



10 



536. The method of claim 531. Wherein the one or more heat sources comprise 
llameless distributed combustors. 

537. The method of claim 5*1 , wherein the one or more heat sources comprise natural 
15 distributed combustors. 

538 The method of claim 531. further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 

pyrolysis. 

539. The method of claim 531, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (Cv). and wherein the 
heating pyrolyzes at least some hydrocarbons within the selected volume of the 
formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pur. 



20 



wherein Pwr is calculated by the equation: 

Pur =-- /?*r*c v % 
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wherein Pur is the heating energy/day. h is an average heating rate of the 
formation, p H is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. i 

5 540. The method of claim 53 1 , wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

541. The method of claim 531, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 

10 a portion of the selected section is greater than about 0.5 W/(m °C). 

542. The method of claim 531 . wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity, of at least about 25°. 

15 543. The method of claim 531, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



20 



25 



non- 



544. The method of claim 531, wherein the produced mixture comprises : 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

545. The method of claim 531, wherein the produced mixture comprises non- 
eondensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbon? ranges from about 0.001 to about 0.15. 

546. The method of claim 531. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



30 
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547. The method of claim 53 1 . wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

5 548. The method of claim 531. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

549. The method of claim 531. wherein the produced mixture comprises condensable 
10 hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

550. The method of claim 531, whjerein the produced mixture comprises condensable 
1 5 hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

hydrocarbons are aromatic compounds. 

551 . The method of claim 531, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 

20 hydrocarbons comprises multWring aromatics with more than two rings. 

552. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

25 

553. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

30 554. The method of claim 53 1 . wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen. 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

5 555. The method of claim 53 1 , wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

556. The method of claim 531, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



10 



557. The method of claim 531. wherein the controlled pressure is at least about 2.0 bar 
absolute. 

558. The method of claim 531, further comprising controlling formation conditions to 
1 5 produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 

within the mixture is greater than about 0.5 bar. 

559. The method of claim 531. wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. 



20 



560. The method of claim 53 1 , further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

561 . The method of claim 531 , wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

562. The method of claim 53 1 . further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

30 within the section: and 

heating a portion of the section with heat from hydrogenation. 
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563. The method of claim 53 1 , wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

5 

564. The method of claim 53 1 , wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

10 565 . The method of claim 531, w herein allowing the heat to transfer comprises 

substantially uniformly increasing a permeability of a majority of the selected section. 

566. The method of claim 531, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

15 

567. The method of claim 53 1 , wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

20 568. The method of claim 53 1 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

25 569. The method of claim 531, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

30 

570. A method of treating a coal formation in situ, comprising: 
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prov iding heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation to raise an average temperature within the selected section to. or 
5 above, a temperature that will pyrolyze hydrocarbons within the selected section; 
producing a mixture from the formation^ and 

controlling API gravity of the produced mixture to be greater than about 25 
degrees API by controlling average pressure and average temperature in the selected 
section such that the average pressure in the selected section is greater than the pressure 
10 (/>) set forth in the following equation for an assessed average temperature (7) in the 
selected section: 

1-44000 T ■ 6 ~l 

p -- c' 

where p is measured in psia and Tis measured in ° Kelvin. 



15 



20 



571 . The method of claim 570, wherein the API gravity of the produced mixture is 
controlled to be greater than about 30 degrees API, and wherein the equation is: 

1-3 1000 T ■ 51j 

p ~ e' 

572. The method of claim 570, wherein the API gravity of the produced mixture is 
controlled to be greater than about 35 degrees API, and wherein the equation is: 

I-22000 T ■ 381 

p - e- 



573 The method of claim 570. wherein the one or more heat sources comprise at least 
25 two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

574. The method of claim 570. wherein controlling the average temperature comprises 
maintaining a temperature in the selected section within a pyrolysis temperature range. 

30 

575. The method of claim 570. wherein the one or more heat sources comprise 
electrical heaters. 
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576. I he method of claim 570. wherein the one or more heat sources comprise surface 
burners. 

5 577. The method of claim 570, wherein the one or more heat sources comprise 
flamelcss distributed combustors. 

578. The method of claim 570, wherein the one or more heat sources comprise natural 
distributed combustors. 

10 

579. The method of claim 570. further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. 

1 5 

580. The method of claim 570, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

20 581 . The method of claim 570, wherein providing heat from the one or more heat 

sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 

sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 

pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
25 wherein heating energy/day provided to the volume is equal to or less than Pm\ 

wherein Pwr is calculated by the equation: 

Atr h*r*(\*ih 

wherein Pwr is the heating energy/day. h is an average heating rate of the 
formation. p B is formation bulk density, and wherein the heating rate is less than about 10 
30 °C7day. 
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582. The method of claim 570, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

583. The method of claim 570, wherein providing heat from the one or more heat 

5 sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

584. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 

10 condensable hydrocarbons are olefins. 

585. The method of claim 570. wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

15 

586. The method of claim 570, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

20 587. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 0 o by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

588. The method of claim 570. wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein less than about 1 ° o by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is oxygen. 

589. The method of claim 570. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

30 basis, of the condensable hydrocarbons is sulfur. 
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590. The method of 1 claim 570. wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxy gen 
containing compounds comprise phenols. ^ 

5 

591. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

hydrocarbons are aromatic compounds. / 

/ 

10 592. The method of claim 570, wherein' the produced mixture comprises condensable 
hy drocarbons, and wherein less than about 5 % by w eight of the condensable 
hydrocarbons comprises multi-ring aromatic s with more than two rings. 

593. The method of claim 570, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 

hydrocarbons are asphaltenes. 

594. The method of claim 570^ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 

20 condensable hydrocarbons are cjycloalkanes. 

i 

595. The method of claim 5^0, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 

25 component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

596. The method of claim 570, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

30 
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597. The method of claim 570. wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

598. The method of claim 570. further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 . wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 

599. The method of claim 570. wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. 

600. The method of claim 570. further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

601 . The method of claim 570, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



602. The method of claim 570. further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

20 within the section; and 

heating a portion of the section with heat from hydrogenation. 

603. The method of claim 570, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 

25 produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

604. The method of claim 570. wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 1 00 

millidarcv. 

30 
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605. The method of claim 570. wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

606. The method of claim 570. wherein the heat is controlled to yield greater than 
5 about 60 % by weight of condensable hydrocarbons, as measui^d by Fischer Assay. 

607. The method of claim 570, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

10 

608. The method of claim 570, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

15 

609. The method of claim 570, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

20 over an area of the formation to form a repetitive pattern of units. 

610. A method of treating a coal formation in situ, comprising: 

providing heat to at least a portion of a coal formation such that a temperature (7) 
in a substantial part of the heated portion exceeds 270 °C and hydrocarbons are pyroly zed 
25 within the heated portion of the formation; 

controlling a pressure (p) within at least a substantial part of the heated portion of 
the formation; 

, . I i -A T> ■ B 2.67441 . 

wherein ptar e 

wherein p is the pressure in bar absolute and T is the temperature in degrees K, 
30 and A and B are parameters that are larger than 10 and are selected in relation to the 



303 



Conlcv Rose & Tayon. P C 



15 



20 



characteristics and composition of the coal formation and on the required olefin eontent 
and carbon number of the pyrolyzed hydrocarbon fluids; and 

producing pyrolyzed hydrocarbon fluids from the heated portion of the formation. 

61 1 . The method of claim 610. wherein A is greater than 14000 and B is greater than 
about 25 and a majority of the produced pyrolyzed hydrocarbon fluids have an average 
carbon number lower than 25 and comprise less than about 10 % by weight of olefins. 

612. The method of claim 610, wherein T is less than about 390 °C, p is greater than 
about 1 .4 bar. A is greater than about 44000. and b is greater than about 67, and a 
majority of the produced pyrolyzed hydrocarbon fluid* have an average carbon number 
less than 25 and comprise less than 1 0 % by weight of olefins. 

613. The method of claim 610, wherein lis les* than about 390 °C, p is greater than 
about 2 bar. A is less than about 57000, and b is less than about 83, and a majority of the 
produced pyrolyzed hydrocarbon fluids have ar; average carbon number lower than about 
21. / 

614. The method of claim 610, further comprising controlling the heat such that an 
average heating rate of the heated portion is less than about 3°C per day during 
pyrolysis. 

615. The method of claim 610, wherem providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (F) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ). and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 

Pur = h*V*C*p„ 
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wherein Pwr is the heating energy/day. h is an average heating rate of the 
formation, is formation bulk density, and wherein the heating rate is less than about 10 

°C/day. 

5 616. The method of claim 610, wherein heat is transfeA-ed substantially by conduction 
from one or more heat sources located in one or more heat sources to the heated portion 
of the formation. 

6 1 7. The method of claim 6 1 6, wherein the heat sources comprise heaters in which 
10 hydrocarbons are either injected into a heaters or released by the coal formation adjacent 
to a heater by an oxidant injected into the heater in or adjacent to which the combustion 
occurs and w herein at least part of the produced combustion gases are vented to surface 
via the heater in which the combustion occurs. 

15 618. The method of claim 617, wherein heat is transferred substantially by conduction 
from one or more heat sources to the heated portion of the formation such that the 
thermal conductivity of at least part of the heated portion is substantially uniformly 
modified to a value greater than about 0,6 W/m °C and the permeability of said part 
increases substantially uniformly to a value greater than 1 Darcy. 

20 

619. The method of claim 610, further comprising controlling formation conditions to 
produce a mixture of hydrocarbon fluids and H 2 , wherein a partial pressure of H 2 within 
the mixture flowing through the formation is greater than 0.5 Bar. 

25 620. The method of claim 619, farther comprising, hydrogenating a portion of the 

produced pyrolyzed hydrocarbon fluids with at least a portion of the produced hydrogen 
and heating the fluids with heat from hydrogenation . 

62 1 . The method of claim 6 1 0, wherein the coal formation is a coal seam and at least 
30 about 70% of the hydrocarbon content of the coal, when such hy drocarbon content is 
measured by a Fischer assay, is produced from the heated portion of the formation. 
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622. The method of claim 610. wherein the substantially gaseous pyrolyzcd 
hydrocarbon fluids are produced from a production well, the method further comprising 
heating a wellbore of the production well to inhibit condensation of the hydrocarbon 
fluids within the wellbore. 

623. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation to raise an average temperature within the selected section to. or 
above, a temperature that will pyrolyze hydrocarbons within the selected section: 

producing a mixture from the formation; and 

controlling a weight percentage of olefins of the produced mixture to be less than 
about 20 % by weight by controlling average pressure and average temperature in the 
selected section such that the average pressure in the selected section is greater than the 
pressure (/;) set forth in the following equation for an assessed average temperature (T) in 
the selected section: 

1-57000 T - 821 

p = e l 

where p is measured in psia and T is measured in ° Kelvin. 



624. The method of claim 623 . wherein the weight percentage of olefins of the 
produced mixture is controlled to be less than about 10 % by weight, and wherein the 

25 equation is: 

1-16000 T - 28 J 

p - e l 

625. The method of claim 623, wherein the weight percentage of olefins of the 
produced mixture is controlled to be less than about 5 % by weight, and wherein the 

30 equation is: 

f-12000 T ■ 22] 

p - e 1 
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« The method ordain, 623. wherein the one or more hea, sources compnse a, leas, 
two hea, sourees. and where,,, superposition ofhea, from a, leas, ,he ,,, hea, sources 
pvr„ly Z es a, leas, some hydrocarbons wi.hin ,he selce.cd sec.ion of the r„rma„on. 

5 627. The method of claim 623, wherein the one or more hea, sources comprise 

electrical heaters. 

628. The memod of claim 623. wherein the one or more hea, sourees comprise surface 

burners. 



10 



629. The method of claim 623. wherein the one or more heat sources compnse 
flameless distributed combustors. 

630. The me,hod of claim 623, wherein/he one or more hea, sourees comprise »a,ura! 

15 distributed combustors. 

63 , The method of claim 623. further comprising controlling a temperature within at 
least a majoritv of the selected section of the formation, wherein the pressure ,s 
controlled as a function of temperature, or the temperature is controlled as a function ot 

20 pressure. 

632 The method of daim 63 1 . wherein controlling an average temperature comprises 
mainlining a temperature within the selected section within a pvrolysis ,empe,a,ure 



25 



range. 

6,3 T he mchod of claim 623. further comprising eonlrolling the hea, such ,ha, an 
average heating rate of the seleded sec.ion is less ,han abou, 3.0 X per day dunng 

pvrolysis. 
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634. The method of claim 623. further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

5 635. The method of claim 623. wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (F) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
10 wherein heating energy/day provided to the volume is equal to or less than Pwr. 

wherein Pwr is calculated by the equation: 
Pwr -- h*V*C v *p H 

wherein Pwr is the heating energy/day. h is an average heating rate of the 
formation, p„ is formation bulk density, and wherein the heating rate is less than about 1 0 
15 °C/day. . 

636. The method of claim 623, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

637. The method of claim 623, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 

638. The method of claim 623. wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

639. The method of claim 623. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 
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640. The method of claim 623 . wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight 
of the non-condensable hydrocarbons are olefins. 

64 1 . The method of claim 623. wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

642. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

643. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less ttyin about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

644. The method of claim 623. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

645. The method of claim 623. wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds cdmprise phenols. 

646. The method of claim 623. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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M7 The mchod of claim 623, .herein ,hc produce! mixture comprises condensable 
hvdrocarbons. and wherein less ,han abou, 5 % by weigh, of the condensable 
hydrocarbons comprises multi-ring aromaties wi,h more rhan wo nngs. 

648 The method of claim 623. wherein the produced mixture comprises condensable 
hydrocarbons, and wherem less than abou, 0.3 % by weigh, of the condensable 

hydrocarbons are asphaltenes. 

640 The method of claim 623, wherein .he produced mix.ure comprises condensable 
hydrocarbons, and wberein abou. 5 % by wergh, .0 abou. 30 % by weigh, of ,h= 
condensable hydrocarbons are cycloalkanes. 

650 The me,hod of claim 623. wherem the produced mixture comprises a non- 

,„densab.e component, wherein ,he non-condensable component comprises hydrogen. 
..herein the hydrogen is greater than about 10 % bv volume of the non-condensable 
component, and wherein the hydrogen ts less than abou, 80 % by volume of ,he non- 

condensable component. 

65 , The method of claim 623, wherem .he produced mix.ure comprises ammonia, and 
» wherein grea.er than abou, 0.05 % b, weigh, of ,he produced mixture is ammon.a. 

652. The method of claim 623, wherein the produced mix.ure comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

„ 6 „ The method of claim 623, further comprismg controlling formation condition. «> 
" produce a mixture of condensable hydrocarbons and H, wherein a parrial pressure 
within the mixture is greater than abou, 0.5 bar. 

654. The method of claim 623. wherem the partial pressure of fb is measured when the 

30 mixture is at a production well. 



coni 
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655. The method of claim 623, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

656. The method of claim 623. wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

657. The method of claim 623, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

658. The method of claim 623, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further, comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at ^ast a portion of the produced hydrogen. 

/ 

659. The method of claim 623. wherein Allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

660. The method of claim 623, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

661 . The method of claim 623. further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

662. The method of claim 623. wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 
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663. The method of claim 623. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. » 

5 

664. The method of claim 623 , further comprising.providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

1 o over an area of the formation to form a repetitive pattern of units. 

665. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; 

1 5 allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation to raise an average temperature within the selected section to, or 
above, a temperature that will pyrolyze hydrocarbons within the selected section; 
producing a mixture from the formation: and 

controlling hydrocarbons having carbon numbers greater than 25 of the produced 
20 mixture to be less than about 25 % by weight by controlling average pressure and average 
temperature in the selected section such that the average pressure in the selected section 
is greater than the pressure (p) set forth in the following equation for an assessed average 
temperature (T) in the selected section: 

1-14000 T ■ 25J 

p ~ e 1 



where p is measured in psia and T is measured in ° Kelvin. 



666. The method of claim 665, wherein the hydrocarbons having carbon numbers 
greater than 25 of the produced mixture is controlled to be less than about 20 % by 
30 weight, and wherein the equation is: 

[-16000 7 ■ 281 
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667. The method of claim 665, wherein the hydrocarbons having carbon numbers 
greater than 25 of the produced mixture is controlled to be less than about 1 5 % by 
weight, and wherein the equation is: 



LI WOO T * 32/ ' 

p - e 1 



668. The method of claim 665, wherein the one or more heat sources comprise at least 
two heat sources, and wherein supeiposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

10 669. The method of claim 665, wherein the one or more heat sources comprise 
electrical heaters. 

670. The method of claim 665, wherein the one or more heat sources comprise surface 
burners. 

15 

671 . The method of claim 665, wherein the one or more heat sources comprise 
flameless distributed combustors. 

672. The method of claim 665, wherein the one or more heat sources comprise natural 
20 distributed combustors. 

673. The method of claim 665, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 

25 pressure. 

674. The method of claim 673, wherein controlling the temperature comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

30 
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675. The method of claim 665. further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

5 676. The method of claim 665, wherein providing bjat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
10 wherein heating energy/day provided to the volume is equal to or less than Pwr. 

wherein Pwr is calculated by the equation: 
Pwr = h*V*C\*p H 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 

15 °C/day. 

677. The method of claim 665, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

20 678. The method of claim 665, wherein providing heat from the one or more heat 

sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

679. The method of claim 665, wherein the produced mixture comprises condensable 
25 hydrocarbons having an API gravity of at least about 25°. 

680. The method of claim 665, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 

30 



314 



(.'onlev Ruse & I aum. P (' 




681 . The method of claim 665. wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

5 682. 1 he method of claim 665. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

683. The method of claim 665. wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 °o by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is oxygen. 

684. The method of claim 665, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 °o by weight, when calculated on an atomic 

1 5 basis, of the condensable hydrocarbons is sulfur. 

685. The method of claim 665, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by w eight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 

20 containing compounds comprise phenols. 

686. The method of claim 665, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

25 

687. The method of claim 665. w herein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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m The method of claim 665. wherein the produced m.xturo compr.ses condensable 
hydrocarbons, and wherein less than about 0.3 «/., by weigh, ot .he condensable 

hydrocarbons are asphaltenes. 

5 «, The method of claim 665. wherein the produced mixture comprises condensable 
hydrocarbon, and wherein about 5 % by weigh, ,„ about 30 %bv weigh, of the 
condensable hydrocarbons are cycloalkanes. 

6,0 The meihod of claim 665, wherein the produced mixture comprises a non- 
,0 condensable component, wherein the non-condensable component composes hydrogen, 
wherein the hvdrogen is greater than about 10 % by volume ofthe non-condensable 
component and wherein ,he hydrogen is less than about 80 % by volume of ,he n„n- 



condensable component. 

„ 691 The method of claim 665, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture ,s ammoma. 

692 . The method of claim 665, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



20 



693 The meted of c.atm 665, funher comprising controlHng formation conditions ,o 
produce a mixture of condensable hydrocarbons and H, wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 

6,4. The method of claim 665. wherein the partial pressure of* is measured when the 

mixture is at a production well. 

695 The method of claim 665. further compris.ng altering a pressure within the 
fcrmauon to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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696. The method of claim 665. further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrog^ate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

697. The method of claim 665. wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

698. The method of claim 665. wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

699. The method of claim 665. wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

700. The method of claim 665. further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

701 . The method of claim 665, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

702. The method of claim 665. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

703. The method of claim 665, further comprising providing heat from three or more 
heat sources to at least a portiqn of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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over an area of the formation to form a repetitive pattern ol um.s. 

704 A method of treating a coal formation in situ, comprising: 

providing hea, from one or more hea, sources to a, least a portion o, the 

formation; . , 

allowing ,he heat to transfer from the one or more hea, sources ,o a selected 
section of the formation to raise an average temperature within the seieeted section to. or 
above, a temperature tha, wil. pyrolyze hydrocarbons within the selected section: 
producing a mixture from the formation; and 

controllmg an a,om,c hydrogen ,o carbon ratio of the produced mixture to be 
grC a,er than about , .7 by controllmg average pressure and average temperature m the 
elected seetton such tha, the average pressure in rhe selected seetton ,s greater ban he 
pressure „) set forth ,n the following e q ua»n for an assessed average temperature (7, 

15 the selected section: 

IJ > [-3800(17 * 61 J 

P = t 

f 

where p is measured in psia and T is measured in • Kelvin. 
20 705 The method of Cairn 704. wberetn the atomic hydrogen ,o carbon ratio of the 

F 1-1 3000 T - 24] 

p = e L 

to carbon ratio of the 

of claim /U4,wnereiii ui^ o- 
. ii i u~ „rAQtpr tVmn about 1 .9, anc 

25 produced mixture is 



706 The method of claim 704, wherein the atomic hydrogen 

• condoned to be greater than about 1 .9, and wherein the equation » 

f.HOOO T - 1$} 



P 

heat sources comprise at least 



or more 



707 The method of claim 704. wherein the one 
, w „ hea, sources, and wherein superposition of hea, from a, leas, ,be two hea, sources 
0 p yr „,y ? ,s a, least some hydrocarbons within the selected section of ,hc formation. 
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708. The method of claim 704. wherein the one or more heat sources comprise 
electrical heaters. 

709. The method of claim 704. wherein the one or more heat sources comprise surface 
5 burners. 

710. The method of claim 704, wherein the one or more heat sources comprise 
flameless distributed combustors. 

10 711. The method of claim 704. wherein the one or more heat sources comprise natural 
distributed combustors. 

7 1 2. The method of claim 704, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 



15 



25 



pressure. 



713. The method of claim 712, wherein controlling the temperature comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 

20 range. 

714. The method of claim 704, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



715. The method of claim 70ft. wherein providing heat from the one or more heat 
sources to at least the portion off formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ). and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation: and 



319 



Conlcv. Ruse & i'ayon. 1' C 



10 



15 



wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pur is calculated by the equation: 
Pur = /?*!'*( ',*/>, 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation. p H is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

716. The method of claim 704, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

717. The method of claim 704, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

718. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



719. The method of claim 704. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 

20 condensable hydrocarbons are olefins. 

720. The method of claim 704, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

25 

72 1 . The method of claim 704. wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of cthene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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722. The method of claim 704. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic- 
basis, of the condensable hydrocarbons is nitrogen. 

5 723. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

724. The method of claim 704. wherein tj/e produced mixture comprises condensable 
10 hydrocarbons, and wherein less than aboui 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is sulfur. 

725. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

15 hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

726. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

20 hydrocarbons are aromatic compounds. 

727. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and w herein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

25 

728. The method of claim 704. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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729. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of 1 the 
condensable hydrocarbons are cycloalkanes. 

/ 

5 730. The method of claim 704, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

10 

731. The method of claim 704, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

732. The method of claim 704, wherein the produced mixture comprises ammonia, and 
] 5 wherein the ammonia is used to produce fertilizer. 

733. The method of claim 704, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and FT, w herein a partial pressure of Il 2 
within the mixture is greater than about 0.5 bar. 

20 

734. The method of claim 704, wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. 

735. The method of claim 704, further comprising altering a pressure within the 
25 formation to inhibit production of hydrocarbons from the formation having carbon 

numbers greater than about 25. 

736. The method of claim 704. wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

30 

737. The method of claim 704. further comprising: 
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providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 

5 738. The method of claim 704, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

739. The method of claim 704, wherein allowing the heat to transfer comprises 

10 increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

740. The method of claim 704, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

15 

741 . The method of claim 704, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

742. The method of claim 704, wherein producing the mixture comprises producing 

20 the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

743. The method of claim 704, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

25 sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

744. The method of claim 704, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, w herein three or more of the heat 

30 sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

745. A method of treating a coal formation in situ, comprising: 
5 providing heat from one or more heat sources^ at least one portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

controlling a pressure-temperature relationship within at least the selected section 
10 of the formation by selected energy input into the one or more heat sources and by 
pressure release from the selected section through wellbores of the one or more heat 
sources; and 

producing a mixture from the formation. 

1 5 746. The method of claim 745, wherein the one or more heat sources comprise at least 
tw o heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

747. The method of claim 745, wherein the one or more heat sources comprise at least 
20 two heat sources. 

748. The method of claim 745, wherein the one or more heat sources comprise surface 
burners. 

25 749. The method of claim 745. w herein the one or more heat sources comprise 
tlameless distributed combustors. 

750. The method of claim 745. wherein the one or more heat sources comprise natural 
distributed combustors. 

30 
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751 . The method of claim 745, further comprising controlling the pressure-temperature 
relationship by controlling a rate of removal of fluid from the formation. 

752. The method of claim 745. further comprising controlling the heat such that an 
5 average heating rate of the selected section is less than about 1 °C per day during 

pyrolysis. 

753. The method of claim 745, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

10 heating a selected volume ( V) of the coal formation from the one or more heat 

sources, wherein the formation has an average heat capacity (C v ). and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
15 Pwr = h*V*C v *p H 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p H is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

20 754. The method of claim 745, wherein allow ing the heat to transfer comprises 
transferring heat substantially by conduction. 

755. The method of claim 745. wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 

25 a portion of the selected section is greater than about 0.5 W/(m °C). 

756. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 
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757. The method of claim 745. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

5 758. The method of claim 745, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

759. The method of claim 745, wherein the produced mixture comprises non- 
10 condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

760. The method of claim 745. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

15 basis, of the condensable hydrocarbons is nitrogen. 

761 . The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less/than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxy gen. 

20 / 

762. The method of claim J745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weiizht. when calculated on an atomic 

r ' ~ 

basis, of the condensable h\procarbons is sullur. 

25 763. The method of claim 745. w herein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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764. The method of claim 745. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

5 765. The method of claim 745. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

766. The method of claim 745, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 0.3 0 o by weight of the condensable 

hydrocarbons are asphaltenes. 

767. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 

1 5 condensable hydrocarbons are cycloalkanes. 

768. The method of claim 745, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 

20 component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

769. The method of claim 745, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

25 

770. The method of claim 745. wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

771 . The method of claim 745. further comprising controlling a pressure within at least 
30 a majority of the selected section of the formation, wherein the controlled pressure is at 

least about 2.0 bar absolute. 
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772. The method of claim 745. further comprising controlling formation conditions to 
produce a mixture of hydrocarbon fluids 
the mixture is greater than about 0.5 bar 



produce a mixture of hydrocarbon fluids and H 2 , wherein the partial pressure of Il 2 within 



5 



773. The method of claim 745, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 

10 774. The method of claim 745. wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. 

775. The method of claim 745, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 

1 5 numbers greater than about 25. 

776. The method of claim 745, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

20 777. The method of claim 745, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 



25 



778. The method of claim 745. wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

779. The method of claim 745 , wherein allow ing the heat to transfer comprises 

30 increasing a permeability of a majority of the selected section to greater than about 100 
millidarcv. 
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780. The method of claim 745. wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

5 781 . The method of claim 745. further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

782. The method of claim 745, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 

I o the formation for each production well. 

783 . The method of claim 745. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 

1 5 sources comprises a triangular pattern. 

784. The method of claim 745, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 

20 sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

785. A method of treating a coal formation in situ, comprising: 

heating a selected volume (f) of the coal formation, wherein formation has an average 
25 heat capacity (( \ ), and wherein the heating pyrolyzes at least some hydrocarbons within 
the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 

Pur - h*V*C\*p H 

30 wherein Pur is the heating energy/day. h is an average heating rate of the formation. 

/;„ is formation bulk density, and wherein the heating rate is less than about 10 °C/day. 
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786. The method of claim 785. wherein heating a selected volume comprises heating 
with an electrical heater. 

5 787. The method of claim 785. wherein heating a selected volume comprises heating 
with a surface burner. , 

788. The method of claim 785. wherein heating a selected volume comprises heating 
with a flameless distributed combustor. 

10 

789. The method of claim 785, wherein heating a selected volume comprises heating 
with a natural distributed combustors. 

790. The method of claim 785, further comprising controlling a pressure and a 

1 5 temperature within at least a majority of the selected volume of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

791 . The method of claim 785, further comprising controlling the heating such that an 
20 average heating rate of the selected volume is less than about 1 °C per day during 

pyrolysis. 

792. The method of claim 785, wherein a value for C v is determined as an average heat 
capacity of two or more samples taken from the coal formation. 

25 

793. The method of claim 785. wherein heating the selected volume comprises 
transferring heat substantially by conduction. 

794. The method of claim 785. wherein heating the selected volume comprises heating 
30 the selected section such that a thermal conductivity of at least a portion of the selected 

section is greater than about 0.5 W/(m °C). 
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795. 1 he method of elaim 785. wherein the produced mixture comprises condensable 
hydrocarbons hav ing an API gravity of at least about 25°. 

5 796. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

797. The method of claim 785, wherein the produced mixture comprises non- 
10 condensable hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight 

of the non-condensable hy drocarbons are olefins. 

798. The method of claim 785, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 

15 condensable hydrocarbons ranges from about 0.001 to about 0.15. 

799. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

20 / 

800. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein le$s than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

25 801 . The method of claimj785. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

802. The method of claim 785. wherein the produced mixture comprises condensable 
30 hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
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hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

803. The method of claim 785. wherein the produced mixture comprises condensable 
5 hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

hydrocarbons are aromatic compounds. 

J 

804. The method of claim 785, w herein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 

10 hydrocarbons comprises multi-ring aromatics with more than two rings. 

805. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

15 

806. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

20 807. The method of claim 785, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is grqkter than about 1 0 % by volume of the non-condensable 
component, and wherein thfe hy drogen is less than about 80 % by volume of the non- 
condensable component. / 

25 

808. The method of claim 785, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

809. The method of claim 785. wherein the produced mixture comprises ammonia, and 
30 wherein the ammonia is used to produce fertilizer 
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810. The method of claim 785. further comprising controlling a pressure within at least 
a majority of the selected volume of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

5 811, The method of claim 785, further comprising Controlling formation conditions to 
produce a mixture from the formation comprising condensable hydrocarbons and H 2 , 
wherein a partial pressure of H 2 within the mixture is greater than about 0.5 bar. 

812. The method of claim 785, wherein the partial pressure of H 2 is measured when the 
1 0 mixture is at a production well. 

813. The method of claim 785, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

15 

814. The method of claim 785, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

815. The method of claim 785, further comprising: 

20 providing hydrogen ( H 2 ) to the heated volume to hydrogenate hydrocarbons 

within the volume; and 

heating a portion of the volume with heat from hydrogenation. 

816. The method of claim 785, wherein the produced mixture comprises hydrogen and 
25 condensable hydrocarbons, the method further comprising hydrogenating a portion of the 

produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

817. The method of claim 785. further comprising increasing a permeability of a 
majority of the selected volume to greater than about 100 millidarcy. 

30 
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8 1 8. The method of claim 785. further comprising substantially uniformly increasing a 
permeability of a majority of the selected volume. 

819. The method of claim 785, further comprising controlling the heat to yield greater 
5 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



15 



820. The method of claim 785. wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

821 . T he method of claim 785, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



822. The method of claim 785, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

20 over an area of the formation to form a repetitive pattern of units. 

823. A method of treating a coalformation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; 

25 allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation to raise an average temperature within the selected section to, or 
above, a temperature that will pyrolyze hydrocarbons within the selected section: 

controlling heat output fCom the one or more heat sources such that an average 
heating rate of the selected section rises by less than about 3 °C per day when the average 

30 temperature of the selected section is at. or above, the temperature that will pyrolyze 
hvdrocarbons within the selected section: and 
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producing a mixture from the formation. 

824. The method of claim 823, controlling heat output comprises: 

raising the average temperature within the selected section to a first temperature 
5 that is at or above a minimum pyrolysis temperature of hydrocarbons within the 
formation; 

limiting energy input into the one or more heat sources to inhibit increase in 
temperature of the selected section; and 

increasing energy input into the formation to raise an average temperature of the 
10 selected section above the first temperature when production of formation fluid declines 
below a desired production rate. 

825. The method of claim 823, controlling heat output comprises: 

raising the average temperature within the selected section to a first temperature 
15 that is at or above a minimum pyrolysis temperature of hydrocarbons within the 
formation; 

limiting energy input into the one or more heat sources to inhibit increase in 
temperature of the selected section; and 

increasing energy input into the formation to raise an average temperature of the 
20 selected section above the first temperature when quality of formation fluid produced 
from the formation falls below a desired quality. 

826. The method of claim 823, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 

25 pyrolyzes at least some hydrocarbons within the selected section. 

827. The method of claim 823, wherein the one or more heat sources comprise 
electrical heaters. 

30 828. The method of claim 823. w herein the one or more heat sources comprise surface 
burners. 

3 35 Conley Rose & Ta\on. P C 




829. The method of claim 823, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

5 830. The method of claim 823, wherein the one or more heat sources comprise natural 
distributed combustors. 

83 1 . The method of claim 823, further comprising controlling a pressure and a 
temperature w ithin at least a majority of the selected section of the formation, wherein 

10 the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

832. The method of claim 823, wherein the heat is controlled that an average heating 
rate of the selected section is less than about 1 ,5 °C per day during pyrolysis. 

15 

833. The method of claim 823, wherein the heat is controlled that an average heating 
rate of the selected section is less than about 1 °C per day during pyrolysis. 

834. The method of claim 823, wherein providing heat from the one or more heat 
20 sources to at least the portion of formation comprises: 

heating a selected volume (TO of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr. 
25 wherein Air is calculated by the equation: 

Pwr ^h*V*C x *p H 

w herein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p H is formation bulk density. 

30 835. The method of claim 823. wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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836. The method of claim 823, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5^7(m °C). 

5 

837. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

838. The method of claim 823, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein about 0.1 % by weight to about 1 5 % by weight of the 

condensable hydrocarbons are olefins. 

839. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, wherein the condensable hydrocarbons have an olefin content is less than 

15 about 2.5 % by weight of the condensable hydrocarbons, and wherein the olefin content 
is greater than about 0.1 % by weight of the condensable hydrocarbons. 

840. The method of claim 823 , wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
20 condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 

ethane is greater than about 0.001 . 

841 . The method of claim 823, wherein the produced mixture comprises non- 
condensable hydrocarbons, and w herein a molar ratio of ethene to ethane in the non- 
25 condensable hydrocarbons is less than about 0.10 and wherein the ratio of ethene to 

ethane is greater than about 0.001 . 

842. The method of claim 823. wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
30 condensable hydrocarbons is less than about 0.05 and wherein the ratio of ethene to 

ethane is greater than about 0.001. 
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843. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

5 

844. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

10 845. The method of claim 823. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

846. The method of claim 823, wherein the produced mixture comprises condensable 

1 5 hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

847. The method of claim 823, wherein the produced mixture comprises condensable 
20 hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

hydrocarbons are aromatic compounds. 

848. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and w herein less than about 5 % by weight of the condensable 

25 hydrocarbons comprises multi-ring aromatics with more than two rings. 

849. The method of claim 823. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by w eight of the condensable 
hydrocarbons are asphaltenes. 
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850. The method of claim 823. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

5 851. The method of claim 823, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

10 

852. The method of claim 823, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

853. The method of claim 823, wherein the produced mixture comprises ammonia, and 
1 5 wherein the ammonia is used to produce fertilizer. 

854. The method of claim 823, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

20 

855. The method of claim 823, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 

25 856. The method of claim 823. wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. 

857. The method of claim 823. further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
30 numbers greater than about 25. 
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858. The method of claim 823. wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture intone formation. 

859. The method of claim 823, further comprising: 

5 providing I h to the heated section to hydrogenate hydrocarbons within the 

section; and 

heating a portion of the section with heat from hydrogenation. 

860. The method of claim 823, wherein the produced mixture comprises hydrogen and 
10 condensable hydrocarbons, the method further comprising hydrogenating a portion of the 

produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

861 . The method of claim 823, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 

15 millidarcy. 

862. The method of claim 823, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

20 863. The method of claim 823, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

864. The method of claim 823, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 

25 the formation for each production well. 

865. The method of claim 823, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 

30 sources comprises a triangular pattern. 



340 



t'onley. Rose & Tayon. P C 




866. The method of claim 823, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources^ wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

5 over an area of the formation to form a repetitive pattern of units. 

867. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; to heat a selected section of the formation to an average temperature above 
10 about 270 °C; 

allowing the heat to transfer from the one or more heat sources to the selected 
section of the formation; 

controlling the heat from the one or more heat sources such that an average 
heating rate of the selected section is less than about 3 °C per day during pyrolysis; and 
1 5 producing a mixture from the formation. 

868. The method of claim 867, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

20 

869. The method of claim 867, wherein the one or more heat sources comprise 
electrical heaters. 

870. The method of claim 867, further comprising supplying electricity to the electrical 
25 heaters substantially during non-peak hours. 

871 . The method of claim 867, wherein the one or more heat sources comprise surface 
burners. 

30 872. The method of claim 867. wherein the one or more heat sources comprise 
flameless distributed combustors. 
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873. The method of claim 867, wherein the one or more heat sources comprise natural 
distributed combustors. 

5 874. The method of claim 867, further comprising controlling a pressure and a 

temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

10 875. The method of claim 867, wherein the heat is further controlled such that an 

average heating rate of the selected section is less than about 3 °C/day until production of 
condensable hydrocarbons substantially ceases. 

876. The method of claim 867, whereii^ the heat is further controlled that an average 
1 5 heating rate of the selected section is less than about 1 .5 °C per day during pyrolysis. 

877. The method of claim 867, wherein the heat is further controlled such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

20 

878. The method of claim 867, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume ( V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
25 pyrolyzes at least some hydrocarbons w ithin the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than P\w\ 
wherein Pwr is calculated by the equation: 

Air h*VH\*/) H 

wherein Pwr is the heaiting energy/day. h is an average heating rate of the 
30 formation. p B is formation bulk density. 
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879. The method of claim 867, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

880. The method of claim 867, wherein providing heat from the one or more heat 

5 sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

881 . The method of claim 867, w herein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

10 

882. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 

15 883. The method of claim 867, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein abt>ut 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

884. The method of claim 867, wherein the produced mixture comprises non- 
20 condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001 . 

885. The method of claim 867, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is nitrogen. 

886. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

30 basis, of the condensable hydrocarbons is oxygen. 
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887. 1 he method of claim 867. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hy drocarbons is sulfur. 

5 888. The method of claim 867. wherein the produced mixture comprises condensable 
hydrocarbons, w herein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

10 889. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by w eight of the condensable 
hydrocarbons are aromatic compounds. 

890. The method of claim 867, wherein the produced mixture comprises condensable 
1 5 hydrocarbons, and wherein less than about 5 % by weight of the condensable 

hydrocarbons comprises multi-ring aromatics with more than two rings. 

891 . The method of claim 867. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 

20 hydrocarbons are asphaltenes. 

892. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons arc cycloalkanes. 

25 

893. The method of claim 867, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and w herein the hy drogen is less than about 80 % by volume of the non- 
30 condensable component. 
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8 ( )4. The method of claim 867, w herein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

895. The method of claim 867, wherein the produced mixture comprises ammonia, and 
5 wherein the ammonia is used to produce fertilizer. 

896. The method of claim 867, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 

10 least about 2.0 bar absolute. 

897. The method of claim 867, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and \ h, wherein a partial pressure of Hi 
within the mixture is greater than about 0.5 bar. 

15 

898. The method of claim 897, wherein the partial pressure of FT is measured when the 
mixture is at a production well. 

899. The method of claim 867. further comprising altering a pressure within the 
20 formation to inhibit production of hydrocarbons from the formation having carbon 

numbers greater than about 25. 

900. The method of claim 867, w herein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

25 

901. The method of claim 867, further comprising: 

providing hydrogen (hh) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 

30 



345 



Con ley Ro>e & Tavon. P C 




902. The method of claim 867. wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

5 903. The method of claim 867, wherein allowing the heat to transfer comprises 

increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

904. The method of claim 867, wherein allowing the heat to transfer comprises 

10 substantially uniformly increasing a permeability of a majority of the selected section. 

905. The method of claim 867, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

15 906. The method of claim 867, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

907. The method of claim 867, further comprising providing heat from three or more 
20 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

908. The method of claim 867, further comprising providing heat from three or more 
25 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

30 909. A method of treating a coal formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation; 
5 producing a mixture from the formation through at least one production well; 

monitoring a temperature at or in the production well; and 
controlling heat input to raise the monitored temperature at a rate of less than 

about 3 °C per day. 

10 910. The method of claim 909. wherein the one or more heat sources comprise at least 
two heat sources, and w herein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

911. The method of claim 909, wherein the one or more heat sources comprise 
15 electrical heaters. 

912. The method of claim 909, wherein the one or more heat sources comprise surface 
burners. 

20 913. The method of claim 909, wherein the one or more heat sources comprise 
flameless distributed combustors. 

914. The method of claim 909, wherein the one or more heat sources comprise natural 
distributed combustors. 

25 

915. The method of claim 909, further comprising controlling a pressure and a 
temperature w ithin at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

30 
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916. The method of elaim 909. wherein the heat is controlled that an average heating 
rate of the selected section is less than about 1 °C per day during pyrolysis. 



917. 1 he method of claim 909, wherein providing heat from the one or more heat 
5 sources to at least the portion of formation comprises: 

heating a selected volume ( V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 
10 wherein Pwr is calculated by the equation: 
Pwr - A*r*C v *p/* 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p H is formation bulk density. 



15 918. The method of claim 909, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

919. The method of claim 909, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 

20 a portion of the selected section is greater than about 0.5 W/(m °C). 

920. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

25 92 1 . The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

922. The method of claim 909. wherein the produced mixture comprises non- 
30 condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
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condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001 . 

923. The method of claim 909. wherein the produced mixture comprises condensable 
5 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is nitrogen. 

924. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

10 basis, of the condensable hydrocarbons is oxygen. 

925. The method of claim 909. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

15 

926. The method of claim 909, wherein the produced mixture comprises condensable 
hy drocarbons, wherein about 5 °4 by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen - 
containing compounds comprise phenols. 

20 

927. The method of claim 909. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

25 928. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by w eight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

929. The method of claim 909. w herein the produced mixture comprises condensable 
30 hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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930. The method ol' claim 909. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

93 1 . The method of claim 909, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
10 condensable component. 

932. The method of claim 909. wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

15 933. The method of claim 909, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

934. The method of claim 909, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 

20 least about 2.0 bar absolute. 

935. The method of claim 909, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 

25 

936. The method of claim 935, wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. 

937. The method of claim 909. further comprising altering a pressure within the 
30 formation to inhibit production of hydrocarbons from the formation having carbon 

numbers greater than about 25. 
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938. The method of claim 909. wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

5 939. The method of claim 909, further comprising: 

providing H2 to the heated sectior^to hydrogenate hydrocarbons within the 
section; and 

heating a portion of the section with heat from hydrogenation. 

10 940. The method of claim 909, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons w ith at least a portion of the produced hydrogen. 

941 . The method of claim 909, wherein allowing the heat to transfer comprises 

i 5 increasing a permeability of a majority of the selected section to greater than about 1 00 
millidarcy. 

942. The method of claim 909, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

20 

943. The method of claim 909, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hy drocarbons, as measured by Fischer Assay. 

944. The method of claim 909, w herein producing the mixture comprises producing 

25 the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

945. The method of claim 909, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

30 sources are located in the formation in a unit of heat sources, and w herein the unit of heat 
sources comprises a triangular pattern. 
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,46 The method of claim 909. further comprising providing heat from three or more 
hear sources ,o a, leas, a portion of the formation, wherein three or more ol the heat 
sources are located in the formation in a unit of hea, sources, wherein the unit ol hea, 
sources comprises a ,rian g „,ar pattern, and wherein a p.urality of the units are repeated 
over an area of the formation to form a repetitive pattern of untls. 

947 A method of treating a coal formation in situ, comprising: 

heating a portion of the formation to a temperature sufficient to support oxtda.ton 
ofnydrocarbons withtn the portion, wherein the portion is located suhstant.ally adjacent 

to a wellbore; 

.lowing an oxidant through a conduit positioned within the wellbore to a hea, 
source zone within the portion, wherein the hea, source .one supports an ox.dat.on 
reaction between hydrocarbons and the oxidant; 

reacting a portion of the oxidant with hydrocarbons to generate heat: and 
transferring generated hea, subs.an.ially by conduction to a pyrolysts zone of the 
location to pyrolyze a, leas, a portion of the hydrocarbons within the pyrolysts zone. 

,48. The ntefhod of c W m 947. wherein heaiing .he portion of the formation comprises 
20 raising a temperature of the portion above about 400 °C. 

o 49 The method of claim 947. wherein the conduit comprises critical flow orifices, the 
method further comprising flowing the oxidant through the critical flow orifices ,„ the 

heat source zone. 

950 . The method of claim 047, further comprising removing reaction products from the 
heat source zone through the wellbore. 

os l The method of claim 947. further comprising removing excess oxidant from the 
30 heat source zone to inhibit transport of the oxidant to the pyrolysis zone. 
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952. The method of claim 947. further comprising transporting the oxidant from the 
conduit to the heat source zone substantially by diffusion. 

953. The method of claim 947, further comprising heating the conduit with reaction 
5 products being removed through the wellbore. 

954. The method of claim 947. wherein the oxidant comprises hydrogen peroxide. 

955. The method of claim 947. wherein the oxidant comprises air. 

10 

956. The method of claim 947. wherein the oxidant comprises a fluid substantially free 
of nitrogen. 

957. The method of claim 947, further comprising limiting an amount of oxidant to 
15 maintain a temperature of the heat source zone less than about 1200 °C. 

958. The method of claim 947, wherein heating the portion of the formation comprises 
electrically heating the formation.' 

20 959. The method of claim 947, wherein heating the portion of the formation comprises 
heating the portion using exhaust gases from a surface burner. 

960. The method of claim 947, wherein heating the portion of the formation comprises 
heating the portion with a flameless distributed combustor. 

25 

961 . The method of claim 947, further comprising controlling a pressure and a 
temperature within at least a majority of the py rolysis zone, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function ol 
pressure. 
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%2. The method of claim947, further comprising controlling the heat such that an 
average heating rate of the pyrolysis zone is less than about 1 °C per day during pyrolysis. 

%3. The method of claim 947, wherein heating the portion comprises heating the 
5 pyrolysis zone such that a thermal conductivity of at least a portion of the pyrolysis zone 
is greater than about 0.5 W/(m °C). 

964. The method of claim 947, further comprising controlling a pressure within at least 
a majority of the pyrolysis zone of the formation, wherein the controlled pressure is at 

10 least about 2.0 bar absolute. 

965. The method of claim 947. further comprising: 

providing hydrogen (H:) to the pyrolysis zone to hydrogenate hydrocarbons 
within the pyrolysis zone; and 
15 heating a portion of the pyrolysis zone w ith heat from hydrogenation. 

966. The method of claim 947, wherein transferring generated heat comprises 
increasing a permeability of a majority of the pyrolysis zone to greater than about 100 
millidarcy. 

20 / 

967. The method of claim 947, wherein transferring generated heat comprises 
substantially uniformly increasing a permeability of a majority of the pyrolysis zone. 

968. The method of claim 947, wherein the heating is controlled to yield greater than 
25 about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

969. The method of claim 947, wherein the wellbore is located along strike to reduce 
pressure differentials along a heated length of the wellbore. 

30 970. The method of claim 947, wherein the wellbore is located along strike to increase 
uniformity of heating along a heated length of the wellbore. 
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971 . The method of claim 947. wherein the well bore is located along strike to increase 
control of heating along a heated length of the wellborc. 4 

972. A method of treating a coal formation in situ, comprising: 

heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with an oxidant; 

flowing the oxidant into a conduit, and wherein the conduit is connected such that 
the oxidant can flow from the conduit to the hydrocarbons; 

allowing the oxidant and the hydrocarbons to react to produce heat in a heat 
source zone; 

allowing heat to transfer from the heat source zone to a pyrolysis zone in the 
formation to pyrolyze at least a portion of the hydrocarbons within the pyrolysis zone; 
and 

removing reaction products such that the reaction products are inhibited from 
flowing from the heat source zone to the pyrolysis zone. 

973. The method of claim 972. wherein heating the portion of the formation comprises 
raising the temperature of the portion above about 400 °C. 

974. The method of claim 972, wherein heating the portion of the formation comprises 
electrically heating the formation. 

975. The method of claim 972. wherein heating the portion of the formation comprises 
heating the portion using exhaust gases from a surface burner. 

976. The method of claim 972. w herein the conduit comprises critical flow orifices, the 
method further comprising flowing the oxidant through the critical flow orifices to the 
heat source zone. 
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977. 1 he method of claim 972, wherein the conduit is located within a wellbore. 
wherein removing reaction products comprises removing reaction products from the heat 
source /one through the wellbore, 

5 978. The method of claim 972. further comprising removing excess oxidant from the 
heat source zone to inhibit transport of the oxidant to the pyrolysis zone. 

979. The method of claim 972. further comprising transporting the oxidant from the 
conduit to the heat source zone substantially by diffusion. 

10 

980. The method of claim 972, wherein the conduit is located within a wellbore. the 
method further comprising heating the conduit with reaction products being removed 
through the wellbore to raise a temperature of the oxidant passing through the conduit. 

15 981 . The method of claim 972, wherein the oxidant comprises hydrogen peroxide. 

982. The method of claim 972, wherein the oxidant comprises air. 

/ 

983. The method of claim 972, wherein the oxidant comprises a fluid substantially free 

/ 

20 of nitrogen, 

984. The method of claim 972; further comprising limiting an amount of oxidant to 
maintain a temperature of the heat source zone less than about 1200 °C. 

25 985. The method of claim 972, further comprising limiting an amount of oxidant to 
maintain a temperature of the heat source zone at a temperature that inhibits production 
of oxides of nitrogen. 

986. The method of claim 972. wherein heating a portion of the formation to a 
30 temperature sufficient to support oxidation of hydrocarbons within the portion further 
comprises heating with a flameless distributed combustor. 
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987. The method of claim 972. further comprising controlling a pressure and a 
temperature within at least a majority of the pyrolysis zone of the formation, wherein the 
pressure is controlled as a function of temperature, orythe temperature is controlled as a 

5 function of pressure. 

988. The method of claim 972, further comprising controlling the heat such that an 
average heating rate of the pyrolysis zone is less than about 1 °C per day during pyrolysis. 

1 0 989. The method of claim 972, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

990. The method of claim 972, wherein allowing heat to transfer comprises heating the 
pyrolysis zone such that a thermal conductivity of at least a portion of the pyrolysis zone 

15 is greater than about 0.5 W/(m °C). 

991 . The method of claim 972, farther comprising controlling a pressure within at least 
a majority of the pyrolysis zone, wherein the controlled pressure is at least about 2.0 bar 
absolute. 

20 

992. The method of claim 972, further comprising: 

providing hydrogen (H 2 ) to the pyrolysis zone to hydrogcnate hydrocarbons 
within the pyrolysis zone; and 

heating a portion of the pyrolysis zone with heat from hydrogenation. 

25 

993. The method of claim 972, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the pyrolysis zone to greater than about 100 
millidarcy. 

30 994. The method of claim 972. w herein allow ing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the pyrolysis zone. 
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995. The method of claim 972. further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

996. An in situ method for heating a coal formation, comprising: 
heating a portion of the formation to a temperature sufficient to support reaction 

of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein the 
portion is located substantially adjacent to an opening in the formation: 

providing the oxidizing fluid to a heat source zone in the formation; 
allowing the oxidizing gas to rea/t with at least a portion of the hydrocarbons at 
the heat source zone to generate heat in the heat source zone; and 

transferring the generated heaf substantially by conduction from the heat source 
zone to a pyrolysis zone in the formation. 

997. The method of claim 996, further comprising transporting the oxidizing fluid 
through the heat source zone by diffusion. 

998. The method of claim 996, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 

999. The method of claim 996, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit disposed in the opening such that a rate of 
oxidation is controlled. 

25 1 000. The method of claim 996, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit. 

1 001 The method of claim 996. wherein a conduit is disposed within the opening, the 
:thod further comprising removing an oxidation product from the formation through 



20 
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the conduit and transferring substantial heat from the oxidation product in the conduit to 
the oxidizing iluid in the conduit. 

1002. The method of claim 996, wherein a conduit is disposed within the opening, the 
5 method further comprising removing an oxidation product from the formation through 

the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. 

1 003 . The method of claim 996, wherein a conduit is disposed within the opening, the 
I o method further comprising removing an oxidation product from the formation through 

the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product by the oxidizing 
fluid. 

15 1 004. The method of claim 996, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 

20 1 005. The method of claim 996, wherein the heat source zone extends radially from the 
opening a width of less than approximately 0.15 m. 

1 006. The method of claim 996, wherein heating the portion comprises applying 
electrical current to an electric heater disposed within the opening. 



25 
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1 007. The method of claim 996. wherein the pyrolysis zone is substantially adjacent to 
the heat source zone. 

1008. The method of claim 996, further comprising controlling a pressure and a 
temperature within at least a majority of the pyrolysis zone of the formation, wherein the 
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pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. 

1 009. The method of claim 996. further comprising controlling the heat such that an 

5 average heating rate of the pyrolysis zone is less than about 1 °C per day during pyrolysis. 

1010. The method of claim 996, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

10 1011. The method of claim 996. wherein allowing heat to transfer comprises heating the 
portion such that a thermal conductivity of at least a portion of the pyroly sis zone is 
greater than about 0.5 W7(m °C). 

1012. The method of claim 996, further comprising controlling a pressure within at least 
1 5 a majority of the pyrolysis zone, wherein the controlled pressure is at least about 2.0 bar 

absolute. 

1013. The method of claim 996, further comprising: 

providing hydrogen (lb) to the pyrolysis zone to hydrogenate hydrocarbons 
20 within the pyrolysis zone; an/l 

heating a portion of /he pyrolysis zone with heat from hydrogenation. 

1014. The method of claim 996, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the pyrolysis zone to greater than about 100 

25 millidarcy. 

1015. The method of claim 996. wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the pyrolysis zone. 

30 1016. The method of claim 996. further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 
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1 0 1 7. A method of treating a eoal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 
5 allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation; 

producing a mixture from the formation; and 

maintaining an average temperature within the selected section above a minimum 
pyrolysis temperature and below a vaporization temperature of hydrocarbons having 
10 carbon numbers greater than 25 to inhibit production of a substantial amount of 
hydrocarbons having carbon numbers greatjer than 25 in the mixture. 

1018. The method of claim 1017, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 

15 sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

1019. The method of claim 1 0 1 7, wherein maintaining the average temperature within 
the selected section comprises maintaining the temperature within a pyrolysis 

20 temperature range. 

1020. The method of claim 1017, wherein the one or more heat sources comprise 
electrical heaters. 

25 1 02 1 . The method of claim 1017, wherein the one or more heat sources comprise 
surface burners. 

1022. The method of claim 1017, w herein the one or more heat sources comprise 
tlameless distributed combustors. 

30 
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1023. The method of claim 1017, wherein the one or more heat sources comprise natural 
distributed combustors. 

1024. The method of claim 1017, wherein the minimum pyrolysis temperature is greater 
5 than about 270 °C. 

1025. The method of claim 1017, wherein the vaporization temperature is less than 
approximately 450 °C at atmospheric pressure. 

10 1026. The method of claim 1017, further comprising controlling a pressure and a 

temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

15 1027. The method of claim 1017, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

1028. The method of claim 1017, wherein providing heat from the one or more heat 
20 sources to at least the portion of formation comprises: 

heating a selected volume {V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ). and wherein the heating 
pyrolyzes at least some hy drocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwi\ 
25 wherein Pwr is calculated by the equation: 
Pwr ^ h*V*C v *p M 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p H is formation bulk density, and wherein the heating rate is less than about 10 

°C/day. 
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1029. The method of elaim 1017, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1030. The method of claim 1017, wherein providing heat from the one or more heat 

5 sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 

1031. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°, 

10 

1032. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

15 1033. The method of claim 1017, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

1034. The method of claim 1017, wherein the produced mixture comprises non- 
20 condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001, 

1035. The method of claim 1017, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is nitrogen. 

1 036. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

30 basis, of the condensable hydrocarbons is oxygen. 
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1037. The method of claim 1017. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hy drocarbons is sulfur. 

5 1038. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by w r eight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

10 1039. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1 040. The method of claim 1017, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than about 5 % by weight of the condensable 

hydrocarbons comprises multi-ring aromaties with more than two rings. 

1 04 1 . The method of claim 1017, w herein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 

20 hydrocarbons are asphaltenes. 

1 042. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

25 

1043. The method of claim 101 7. wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by v olume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
30 condensable component. 
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1044. The method of claim 1017. wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1045. The method of claim 1017, wherein the produced mixture comprises ammonia, 
5 and wherein the ammonia is used to produce fertilizer. 

1046. The method of claim 1017, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

10 

1047. The method of claim 1017, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 

15 1048. The method of claim 1047, wherein the partial pressure of H 2 is measured when 
the mixture is at a production well. / 

1049. The method of claim 1017, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

20 

1050. The method of claim 1017, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 

25 

1 05 1 . The method of claim 1017, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 
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1052. The method of claim 1017, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

5 1053. The method of claim 1017, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1054. The method of claim 1017, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

10 

1055. The method of claim 1017, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

15 1056. The method of claim 1017, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

20 1 057. The method of claim 1 01 7, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

25 

1058. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
30 section of the formation; 
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controlling a pressure within the formation to inhibit production of hydrocarbons 
from the formation having carbon numbers greater than 25; and 
producing a mixture from the formation. 

5 1059. The method of claim 1058, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

1 0 1 060. The method of claim 1 058, wherein the one or more heat sources comprise 
electrical heaters. 

1061 . The method of claim 1 058, wherein the one or more heat sources comprise 
surface burners. 

1 5 

1062. The method of claim 1058, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1063. The method of claim 1058 ? wherein the one or more heat sources comprise natural 
20 distributed combustors. 

1064. The method of claim 1058, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 

25 pressure. 

1065. The method of claim 1064, wherein controlling the temperature comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 
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1066. The method of claim 1058, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

5 1067. The method of claim 1058, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
10 wherein heating energy/day provided to the volume is equal to or less than Pxw\ 

wherein Put is calculated by the equation: 
Pwr - h*V*C v *p H 

wherein Pwr is the heating energy/day. h is an average heating rate of the 
formation, p R is formation bulk density, and wherein the heating rate is less than about 10 
15 °C/day. 

1068. The method of claim 1058, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

20 1069. The method of claim 1058, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 

1070. The method of claim 1058, wherein the produced mixture comprises condensable 
25 hydrocarbons having an API gravity of at least about 25°. 

1071. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 

30 
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1072. The method of elaim 1058. wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 1 5 % by weight 
of the non-condensable hydrocarbons are olefins. 

5 1073. The method of claim 1058, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15. and wherein the ratio of ethene to 
ethane is greater than about 0.001 . 

10 1074. The method of claim 1058, whereii? the produced mixture comprises condensable 
hydrocarbons, and wherein less than aboyit 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1075. The method of claim 1058. wherein the produced mixture comprises condensable 

/ 

1 5 hydrocarbons, and wherein less thaji about 1 0 o by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxy gen. 

1076. The method of claim 10£8, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

20 basis, of the condensable hydrocarbons is sulfur. 

1077. The method of claim 1058. wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 

25 containing compounds comprise phenols. 

1078. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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,079 The mc.hod „idaim .058. wherein .he produced mix.urc comprises condensable 
nvdrocarbons. and wherein less than abou, 5 % by v,e,gh, of .he condensaHc 
hydrocarbons comprises multi-ring aromatics with more than two rmgs. 

, ,080 The method of claim 1058, whcrein.be produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weigh, of the condensate 

hydrocarbons are asphaltenes. 

,08, The method of claim 1058. wh ere in the produced mixture comprises condensable 
„ hydrocarbons, and wherein abou, 5 % by weigh, to abou, 30 % by weigh, o, ,he 
condensable hydrocarbons are cycloatan.es. 

,082 The method of claim 1058, wherein the produced mixture comprises a non- 
condensable component, wherein rhe „o„-cond=nsab.e component comprises hydrogen, 
l5 wherein the hydrogen is greater ,han about ,0 % by volume of the non-condensable 
component, and wherein the hydrogen is less than abou, 80 , . by volume of ,he non- 

condensable component. 

,083 The me,hod of claim 1058, wherein ,he produced mixture comprises ammonia. 
2 „ and wherein grea,e, ,ha„ abou, 0.05 % by weigh, of the produced rmxture ,s ammont, 

,084. The method of data 1058. wherein the produced mixture comprises ammonta, 
and wherein the ammonia is used to produce fertilizer. 

, 5 ,085 The method of Cairn ,058. further comprismg control.tng the pressure within a, 
,eas, a majori.y of ,he selected section of the formation, wherein the controUed pressure 



IS 



at least about 2.0 bar absolute. 



108 6 The method of claim 1058. further comprising controlling formation conditions t 
produce a mixture of condensable hydrocarbons and H, wherein a partial pressure 
wUhin the mixture is greater than about 0.5 bar. 
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1 087. The method of claim 1 086, wherein the partial pressure of H 2 is measured when 
the mixture is at a production well. 

5 1088. The method of claim 1058, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

1089. The method of claim 1058, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
10 within the section; and 

heating a portion of the section With heat from hydrogenation. 

1090. The method of claim 1058, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



15 



20 



1 09 1 . The method of claim 1 058, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

1092. The method of claim 1058, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1093. The method of claim 1058, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1094. The method of claim 1058, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 
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,095 The method ofclaim 1058. further comprising providing heal from three or more 
hear sources >o a, leas, a portion of .he forma*,,, wherein Ihrec or more ol ,he hca. 
sources are loca.ed in .he ,'orma.ion in a uni, of hca, sources, and wherein .he urn, o, hea. 

sources comprises a triangular pattern. 

,096 The method of claim 1058, further comprising providing hea. from fhree or more 
hea, sources ,o a. leas, a portion of ,h= formation, wherem three or more of .he hea, 
sources are loca.ed in the formation in a unit of heat sources, wherein the unt. of hea. 
sources comprises a tnangular pattern, and wheretn a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1 097 A melhod of treating a coal formation in situ, comprising: 

providing hea. from one or more hea. sources to at least a portton of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation; and 

producing a mix.ure from the formation, wherein the produced mixture compnses 
condensable hydrocarbons, and wherein about 0.1 % by weigh, to abou. 15 % by weigh, 
of the condensable hydrocarbons are olefins. 

1098 The method of chum 1097, wherein the one or more heat sources comprise at 
least two heat sources, and wherem superposition of heat from at least the two heat 
sources pyrolyzes at lefrst some hydrocarbons within the selected section of the 

formation. 

109 9. The method of claim 1097. wherein the one or more heat sources comprise 
electrical heaters. 

, 1 00. The method of claim 1 097. wherein the one or more heat sources comprise 
30 surface burners. 
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1101. The method of claim 1 097. wherein the one or more heat sources comprise 
llameless distributed combustors. 

1 102. The method of claim 1097, wherein the one or more heat sources comprise natural 
distributed combustors. 

1 103. The method of claim 1097, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1 104. The method of claim 1097. wherein controlling the temperature comprises 
maintaining the temperature within the selected section within a pyrolysis temperature 

range. 

1 105. The method of claim 1097, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 

pyrolysis. 

1 106. The method of claim 1097, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume ( V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ). and wherein the heating 
pyrolvzes at least some hydrocarbons within the selected volume of the formation: and 
, 5 ' ' wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr - h*V*C\*p„ 

wherein Pwr is the heating energy/day. h is an average heating rate of the 
formation, p, is formation bulk density, and wherein the heating rate is less than about 10 
30 °C/dav. 
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1 1 07. The method of claim 1 097. wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1 1 08. The method of claim 1 097, wherein providing heat from the one or more heat 

5 sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 

1 109. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at l£ast about 25°. 

10 

1110. The method of claim 1 097. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



15 



1111. The method of claim 1 097, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



1112. The method of claim 1097, wherein the produced mixture comprises non- 
20 condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001 . 

1113. The method of claim 1 097. wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is nitrogen. 

1114. The method of claim 1097. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

30 basis, of the condensable hydrocarbons is oxygen. 
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1115. The method of claim 1 097. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1116. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1117. The method of claim 1 097. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1118. The method of claim 1 097, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than about 5 % by weight of the condensable 

hydrocarbons comprises multi-ring afomatics with more than two rings. 

1119. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 

20 hydrocarbons are asphaltenes. 

1120. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



1121. The method of claim 1 097, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
30 condensable component. 
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1 1 22. The method of claim 1 097. wherein the produced mixture comprises ammonia, 
and w herein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 1 23. The method of claim 1097. wherein the produced mixture comprises ammonia, 
5 and wherein the ammonia is used to produce fertilizer. 

1 124. The method of claim 1097, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

10 

1 125. The method of claim 1097, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 

15 1 1 26. The method of claim 1 1 25, wherein the partial pressure of H 2 is measured when 
the mixture is at a production Well. 

1 127. The method of claim 1097. further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 

20 numbers greater than about 25. 

1 128. The method of claim 1097, wherein controlling formation conditions comprises 
recirculating a portion qf hydrogen from the mixture into the formation. 

25 1 129. The method of claim 1097, further comprising: 

providing hyditogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 
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1 130. The method of claim 1097, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

5 

1131. The method of claim 1 097, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

10 1 132. The method of claim 1097, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1 133. The method of claim 1097, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

15 

1 134. The method of claim 1097, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

20 1 135. The method of claim 1097, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

25 1 136. The method of claim 1 097, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

30 

1137. A method of treating a coal formation in situ, comprising: 
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hea,ing a section of the formation to a pyrolysis .ompcra.ua- IVon, a. leas, a first 
hoa. source, a second hca, source and a third hea. source, and wherein the first hea. 
source, .he second hea, source and ,he third hca. source are loca.cd along a penmc.er ol 

the section: 

controllinu heal input to the first heat source, the second heat source and the third 
heat source to limit a heating rate of the section to a rate configured to produce a mtxture 
iYom the formation with an olefin content of less than about 1 5% by weight ol 
condensable fluids (on a dry basis) within the produced mixture; and 

producing the mixture from the formation through a production well. 

1H8 The method of claim 1137. wherein superposition of heat form the first heat 
source, second heat source, and third heat source pyro.yzes a portion of the hydrocarbons 

within the formation to fluids 

, 5 , 1 39. The method of claim 1 137. wherein the pyrolysis temperature is between about 

270 °C and about 400 °C. 

1 140. The method of claim 1/1 37. wherein the first heat source is operated for less than 
about twenty four hours a day'. 



20 



141 . The method of claim 1 137. wherein the first heat source comprises an electrical 



1 

heater. 



! 142. The method of claim 1 137. wherein the first heat source comprises a surface 

25 burner. 

, 143. The method of claim 1 137. wherein the first heat source comprises a ilameless 
distributed combustor. 

50 ,144 The method of claim 1 137. wherein ,he firs, hea. source, second hea. source and 
third hea, source are positioned substantially a, apexes of an equilateral mangle. 
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1 145. The method of claim 1 137, wherein the production well is located substantially at 
a geometrical center of the first heat source, second heat source, and third heat source. 

5 1 146. The method of claim 1 137. further comprising a fourth heat source, fifth heat 
source, and sixth heat source located along the perimeter of the section. 

1 147. The method of claim 1 146, wherein the heat sources are located substantially at 
apexes of a regular hexagon. 

10 

1 1 48. The method of claim 1 147. wherein the production well is located substantially at 
a center of the hexagon. 

1 149. The method of claim 1 137, farther comprising controlling a pressure and a 
1 5 temperature within at least a majority of the section of the formation, wherein the 

pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. 

1 1 50. The method of claim 1137, wherein controlling the temperature comprises 

20 maintaining the temperature within the selected section within a pyrolysis temperature 
range. 

1151. The method of claim 1137, further comprising controlling the heat such that an 
average heating rate of the section is less than about 3 °C per day during pyrolysis. 

25 

1 152. The method of claim 1 137, further comprising controlling the heat such that an 
average heating rate of the section is less than about 1 °C per day during pyrolysis. 

1 153. The method of claim 1137. wherein providing heat from the one or more heat 
30 sources to at least the portion of formation comprises: 
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heating a selected volume ( V) of the eoal formation from the one or more heat 
sources, wherein the formation has an average heat capacity ((',). and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
5 wherein Air is calculated by the equation: 

Air = h*V*C v *p„ 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p„ is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

0 

1 154. The method of claim 1137. wherein heating the section of the formation 
comprises transferring heat substantially by conduction. 

1 155. The method of claim 1 137, wherein providing heat from the one or more heat 
1 5 sources comprises heating the section such that a thermal conductivity of at least a 

portion of the section is greater than about 0.5 W/(m °C). 

1 156. The method of claim 1 137, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



20 



25 



1 1 57. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1% by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 

1 158. The method of claim 1137, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15. and wherein the ratio of ethene to 
ethane is greater than about 0.001 . 
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1 159. The melhod ol cla.m 1137. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. ^ 

1 160. The method of claim 1 137. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1 161. The method of claim 1 137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1 162 The method of claim 1 137, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



1 163. The method of claim 1 137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

20 hydrocarbons are aromatic compounds. 

1 164. The method of claim 1 1 37, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



1 S 



1 1 65. The method of claim 1137. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 

hydrocarbons are asphaltenes. 
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1 1 66. The method of claim 1137. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

5 1 167. The method of claim 1137, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

10 

1 168. The method of claim 1 137. wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 1 69. The method of claim 1137, wherein the produced mixture comprises ammonia, 
1 5 and wherein the ammonia is used to produce fertilizer. 

1 1 70. The method of claim 1 1 37, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



20 



1171. The method of claim 1137, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and Il 2 , wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 

25 1 1 72. The method of claim 1171. wherein the partial pressure of H 2 is measured when 
the mixture is at a production well. 

1173. The method of claim 1137. further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
30 numbers greater than about 25. 
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1 1 74. The method of claim 1137, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

1 175. The method of claim 1137, further comprising: 

5 providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

1 176. The method of claim 1 137, wherein the produced mixture comprises hydrogen 

1 o and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

1 177. The method of claim 1 137, heating the section comprises increasing a 
permeability of a majority of the section to greater than about 100 millidarcy. 

15 

1 178. The method of claim 1 1 37, wherein heating the section comprises substantially 
uniformly increasing a permeability of a majority of the section. 

1 179. The method of claim 1 137, further comprising controlling the heat to yield greater 
20 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1 180. The method of claim 1 137. wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



23 



1181. The method of claim 1137, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



30 
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1 1 82. The method of claim 1 1 37. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

5 over an area of the formation to form a repetitive pattern of units. 

1 1 83. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; 

1 o allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation; and 

producing a mixture from the formation, wherein the produced mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is nitrogen. 



15 
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1 1 84. The method of claim 1183, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzcs at least some hydrocarbons within the selected section of the 
formation. 

1185. The method of claim 1183, wherein the one or more heat sources comprise 
electrical heaters. 



1 1 86. The method of claim 1 1 83, wherein the one or more heat sources comprise 
25 surface burners. 

1 1 87. The method of claim 1 1 83, wherein the one or more heat sources comprise 
llameless distributed combustors. 

30 1 1 88. The method of claim 1 1 83. wherein the one or more heat sources comprise natural 
distributed combustors. 
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1 1 89. The method of" claim 1 1 83, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 

5 a function of pressure. 

1 1 90. The method of claim 1 1 89, wherein controlling the temperature comprises 
maintaining the temperature within the selected section within a pyrolysis temperature 
range. 

10 

1191. The method of claim 1 183, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

15 11 92. The method of claim 1 1 83, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ). and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
20 wherein heating energy/day provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated'by the equation: 
Pwr = h*V*C*pi, 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation. p H is formation bulk density, and wherein the heating rate is less than about 10 
25 °C/day. 

1 1 93. The method of claim 1183. wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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1 1 94. The method of claim 1183. wherein providing heat from the one or more heat 
sources comprises heating the selected formation sueh that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 

5 1 195. The method of claim 1 183, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1 196. The method of claim 1 183. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 1 5 % by weight of the 
l o condensable hydrocarbons are olefins. 

1 1 97 The method of claim 1183. wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

15 

1 198. The method of claim 1 183, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15. and wherein the ratio of ethene to 
ethane is greater than about 0.001 . 



20 



1 199 The method of claim 1 183. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1 900 The method of claim 1183. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

P()l The method of claim 1183. wherein the produced mixture comprises condensable 
hvdrocarbons. wherein about 5 % by weight to about 30 % by weight of the condensable 
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hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

, 202 The mchod ofclaim 1 183, wherein the produced mix.urc comprises condensable 
hydrocarbons, and wherein greater than abou, 20 % by weigh, of,he condensable 
hydrocarbons are aromatic compounds. 

1203 The method ofclaim 1 183, wherein the produced mixture comprises condensable 
hvdrocarbons. and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromades with more than two rings. 

12 04 The method ofclaim 1 1 83. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

P05 The method of claim 1183, wherein the produced rmxture comprises condensable 
hvdrocarbons. and wherein abou, 5 % by weigh, to abou, 30 % by weigh, of the 
condensable hydrocarbons are cycloalkanes. 

,206 The method ofclaim 1 183, wherein the produced mixture comprises a non- 
condensable eomponen,, wherein the non-eondensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the „„„-c„nde„sab.e 
component, and wherein the hydrogen is less than about 80 % by vo.ume of the non- 

condensable component. 

P07 The method ofclaim 1 183. wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1208. The method ofclaim 1 183. wherein the produced mixture comprises ammonia. 
30 and wherein the ammonia is used to produce fertilizer. 



20 
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1 209. The method of claim 1183. f urther comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

5 1210. The method of claim 1 183, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and II 2 , wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 

1211. The method of claim 1211, wherein the partial pressure of H 2 is measured when 
10 the mixture is at a production well. 

1212. The method of claim 1183. further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



15 



20 
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213. The method of claim 1 183, wherein controlling formation conditions comprises 
irculating a portion of hydrogen from the mixture into the formation. 



rec 



1214. The method of claim 1 183, further comprising: 
providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

1215. The method of claim 1 183. wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

1216. The method of claim 1 183. wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 

30 millidarcy. 
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1217. The method of claim 1183. wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1218. The method of claim 1 1 83. further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1219 The method of claim 1 183, wherein producing the mixture comprises producing 
the mature in a production well and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1220. The method of claim 1 183. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1221. The method of claim 1 183, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

20 over an area of the formation to form a repetitive pattern of units. 

1222. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation: 

allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation: and 

producing a mixture from the formation, wherein the produced mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is oxygen. 



30 
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1 223 . The method of claim 1 222. wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heft from at least the two heat 
sources pyrolyzcs at least some hydrocarbons within the selected section of the 

formation. 

1224. The method of claim 1222. wherein the one or more heat sources comprise 
electrical heaters. 

1225. The method of claim 1222, wherein the one or more heat sources comprise 

10 surface burners. 

1 226. The method of claim 1 222. wherein the one or more heat sources comprise 
flameless distributed combustors. 

15 1227. The method of claim 1 222, wherein the one or more heat sources comprise natural 
distributed combustors. 

P28 The method of claim 1222. further comprising controlling a pressure and a 
temperature w ithin at least a majority of the selected section of the formation, wherein 
20 the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1229. The method of claim 1228, wherein controlling the temperature comprises 
maintaining the temperature within the selected section within a pyrolysis temperature 

25 range. 

1230. The method of claim 1222. further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 

pyrolysis. 
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1231. The method of claim 1 222. wherein prov iding heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume {V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ). and wherein the heating 
pyroly/es at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr =- h*V*C v *p„ 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation. p H is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

1232. The method of claim 1 222, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1233. The method of claim 1222, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1234. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



1235. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 

25 condensable hydrocarbons are olefins. 

1236. The method of claim 1 222. wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 1 5 % by weight 
of the non-condensable hydrocarbons are olefins. 
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1 237. The method of claim 1222. wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001. 

1 238. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1 239. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1 240. The method of claim 1 222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1 24 1 . The method of claim 1 222, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



1242. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

25 hydrocarbons are aromatic compounds. 

1243. The method of claim 1222, wherein the produced mixture comprises condensable 
hy drocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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1244. The method of claim 1222. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

/ 

5 1245. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1 246. The method of claim 1 222, wherein the produced mixture comprises a non- 
l o condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about JO % by volume of the non-condensable 
component, and wherein the hy drogen is less than about 80 % by volume of the non- 
condensable component. 

15 1247. The method of claim 1222, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05,% by weight of the produced mixture is ammonia. 

1 248. The method of claim 1 222, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

20 

1249. The method of claim 1222. further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

25 1250. The method of claim 1222, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 . wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 

1251. The method of claim 1250. wherein the partial pressure of H 2 is measured when 
30 the mixture is at a production well. 
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1252. The method of claim 1 222, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

5 1253. The method of claim 1222, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

1254. The method of claim 1 222, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
10 within the section; and 

heating a portion of the section w ith heat from hydrogenation. 

1255. The method of claim 1222, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 

15 the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

1 256. The method of claim 1 222, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

20 

1257. The method of claim 1222, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1258. The method of claim 1 222. further comprising controlling the heat to yield greater 
25 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1 259. The method of claim 1 222. wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 
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1 260. The method of claim 1 222. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1261 . The method of claim 1222. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1 262. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and 

producing a mixture from the formation, wherein the produced mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is sulfur. 

1263. The method of claim 1262, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

1 264. The method of claim 1 262. wherein the one or more heat sources comprise 
electrical heaters. 

1 265 . The method of claim 1 262. wherein the one or more heat sources comprise 
surface burners. 
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1266. The method of claim 1262, wherein the one or more heat sources comprise 
Oameless distributed combustors. 

1267. The method of claim 1262, wherein the one or more heat sources comprise natural 
5 distributed combustors. 

1268. The method of claim 1262, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 

10 a function of pressure. 

1269. The method of claim 1268, wherein controlling the temperature comprises 
maintaining the temperature within the selected section within a pyrolysis temperature 
range. 

15 

1 270. The method of claim 1 262, further comprising controlling the heat into such that 
an average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

20 1271 . The method of claim 1262, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (F) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ). and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation: and 
25 wherein heating energy 'day provided to the volume is equal to or less than Air. 

wherein Pwr is calculated by the equation: 
Pwr = h*VK\*p H 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p H is formation bulk density, and wherein the heating rate is less than about 10 
30 °C7day. 
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1 272. The method of claim 1 262. wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1 273. The method of claim 1 262. wherein providing heat from the one or more heat 

5 sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 

1274. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°, 

10 

1275. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

15 1276. The method of claim 1262, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

1277. The method of claim 1262, wherein the produced mixture comprises non- 
20 condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001 . 

1 278. The method of claim 1262. wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is nitrogen. 

1279. The method of claim 1262. wherein the produced mixture comprises condensable 
hydrocarbons, and w herein less than about 1 % by weight, when calculated on an atomic 

30 basis, of the condensable hydrocarbons is oxygen. 



397 



C'onlcy. Rose & Tayon. P C 




1280. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

5 

1281. The method of claim 1262, w herein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

10 1282. The method of claim 1262, wherein the produced mixture comprises condensable 
hy drocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1283. The method of claim 1262, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 

hydrocarbons are asphaltenes. 

1284. The method of claim 1262, w herein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 

20 condensable hydrocarbons are cycloalkanes. 

1285. The method of claim 1262, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 

25 component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

1286. The method of claim 1262, w herein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia, 

30 
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1 287. The method of claim 1 262. wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1 288. The method of claim 1 262, further comprising controlling a pressure within at 

5 least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1 289. The method of claim 1262, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 

10 within the mixture is greater than about 0.5 bar. 

1290. The method of claim 1289, wherein the partial pressure of 1I 2 is measured when 
the mixture is at a production well. 

15 1291 . The method of claim 1262, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1292. The method of claim 1262, wherein controlling formation conditions comprises 
20 recirculating a portion of hydrogen from the mixture into the formation. 

1293. The method of claim 1262, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section: and 
25 heating a portion of the section with heat from hydrogenation. 

1 294. The method of claim 1 262. wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion ol 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

30 
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1 295. The method of claim 1 262. wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

1296. The method of claim 1 262. wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1297. The method of claim 1 262. further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1298. The method of claim 1 262, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

15 1 299. The method of claim 1 262. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

20 1 300. The method of claim 1262, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1301. A method of treating a coal formation in situ, comprising: 

raising a temperature of a first section of the formation with one or more heat 
sources to a first pyrolysis temperature: 

heating the first section to an upper pyrolysis temperature, wherein heat is 
30 supplied to the first section at a rate configured to inhibit olefin production: 
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producing a first mixture from the formation, wherein the first mixture comprises 
condensable hydrocarbons and Ik 

creating a second mixture from the first mixture, wherein the second mixture 
comprises a higher concentration of H 2 than the first mixture- 
raising a temperature of a second section of the formation with one or more heat 
sources to a second pyrolysis temperature: 

providing a portion of the second mixture to the second section; 
heating the second section to an upper pyrolysis temperature, wherein heat is 
supplied to the second section at a rate configured to inhibit olefin production; and 
producing a third mixture from the second section. 



1 302. The method of claim 1 30 1 . wherein creating the second mixture comprises 
removing condensable hydrocarbons from the first mixture. 

15 1303. The method of claim 1301. wherein creating the second mixture comprises 
removing water from the first mixture. 

1 304. The method of claim 1301. wherein creating the second mixture comprises 
removing carbon dioxide from the first mixture. 

20 

1305. The method of claim 1301. wherein the first pyroly sis temperature is greater than 
about 270 °C. 

1 306. The method of claim 1301, wherein the second pyrolysis temperature is greater 
25 than about 270 °C. 



307. The method of claim 1301. wherein the upper pyrolysis temperature is about 500 



1 

°C. 



30 1 308. The method of claim 1301. wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
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sources pyrolyzes at least some hydrocarbons within the first or second selected section 
of the formation. 

1 309. The method of claim 1 301, wherein the one or more heat sources comprise 
5 electrical heaters. 

1310. The method of claim 1301, wherein the one or more heat sources comprise 
surface burners. 



10 
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1311. The method of claim 1301. wherein the one or more heat sources comprise 
fiameless distributed combustors. 

1312. The method of claim 1301, wherein the one or more heat sources comprise natural 
distributed combustors. 

1313. The method of claim 1301, further comprising controlling a pressure and a 
temperature within at least a majority of the first section and the second section of the 
formation, wherein the pressure is controlled as a function of temperature, or the 
temperature is controlled as a function of pressure. 

1314. The method of claim 1 301 , further comprising controlling the heat to the first and 
second sections such that an average heating rate of the first and second sections is less 
than about 1 °C per day during pyrolysis. 



25 1315. T 



he method of claim 1301. wherein heating the first and the second sections 



comprises: 

heating a selected volume ( H of the coal formation from the one or more heat 
sources, wherein the formation has an av erage heat capacity (( ', ). and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day prov ided to the v olume is equal to or less than /'nr. 
wherein Pwr is calculated by the equation: 
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Pwr h*VH\*ih 

wherein Pur is the heating energy/day, h is an average heating rate of the 
formation. „„ is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

1316. The method of claim 1301. wherein heating the first and second sections 
comprises transferring heat substantially by conduction. 

1317 The method of claim 1301, wherein heating the first and second sections 
comprises heating the first and second sections such that a thermal conductivity of at least 
a portion of the first and second sections is greater than about 0.5 W/(m T). 

1318. The method of claim 1301. wherein the first or third mixture comprises 
condensable hydrocarbons having an API gravity of at least about 25°. 

1319 The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the condensable hydrocarbons arc olefins. 



70 1320 The method of claim 1301, wherein the first or third mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 

cor 



5 



)n dcnsable hydrocarbons ranges from about 0.001 to about 0.15. 



13-1 The method of claim 1301. wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is nitrogen. 



13^ Thc mclhod of claim 1301. wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
30 on an atomic basis, of the condensable hydrocarbons is oxygen. 
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1 323 . The method of claim 1301. wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is sulfur. 

1 324. The method of claim 1301. wherein the first or third mixture comprises 
condensable hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons comprise oxygen containing compounds, and wherein the 
oxygen containing compounds comprise phenols. 

1325. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 



1326. The method of claim 1301, wherein the first or third mixture comprises 
1 5 condensable hydrocarbons, and wherein less than about 5 % by weight of the 



10 



densable hydrocarbons comprises multi-ring aromatics with more than two rings. 



con 



1 327. The method of claim 1 30 1 . wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein less than about 0.3 % by weight of the 

20 condensable hydrocarbons are asphaltenes. 

1328. The method of claim 1301. wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of 



the condensable hydrocarbons are cycloalkanes. 



1 329. The method of claim 1 30 1 . wherein the first or third mixture comprises a non- 
condensable component, and wherein the non-condensable component comprises 
hydrogen, and wherein the hydrogen is greater than about 10 % by volume of the non- 
condensable component and wherein the hydrogen is less than about 80 % by volume of 
30 the non-condensable component. 
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1 330. The method of claim 1 301 . wherein the first or third mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1331. The method of claim 1301, wherein the first or third mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1332. The method of claim 1301 . further comprising controlling a pressure within at 
least a majority of the first or second sections of the formation, wherein the controlled 
pressure is at least about 2.0 bar absolute. 

1 333. The method of claim 1301 . further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 . wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 

1334. The method of claim 1333, wherein the partial pressure of H 2 within a mixture is 
measured when the mixture is at a production well. 



1 335. The method of claim 1 301 . further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 

20 numbers greater than about 25. 

1 336. The method of claim 1301. further comprising: 

providing hydrogen (H 2 ) to the first or second section to hydrogenate 
hydrocarbons within the first or second section; and 

heating a portion of the first or second section with heat from hydrogenation. 



25 



1 337. The method of claim 1301. further comprising: 

producing hydrogen and condensable hy drocarbons from the formation: and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
30 portion of the produced hydrogen. 
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1338. The method of claim 1301 . further comprising increasing a permeability of a 
majority of the first or second section to greater than about 100 millidarcy. 

1339. The method of claim 1301. further comprising substantially uniformly increasing 
5 a permeability of a majority of the first or second section. 

1340. The method of claim 1301, wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

,0 1341 The method of claim 1301. wherein producing the first or third mixture comprises 
producing the first or third mixture in a production well, and wherein at least about 7 heat 
sources are disposed in the formation for each production well. 

1342. The method of claim 1301 ...further comprising providing heat from three or more 
, < heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1343. The method of claim 1301, further comprising providing heat from three or more 
,0 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1 344. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation: 

producing a mixture from the formation: and 
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hydrogenating a portion of the produced mixture with ! h produced from the 
formation. 

1345. The method of claim 1344. wherein the one or more heat sources comprise at 
5 least two heat sources, and wherein superposition of heal from at least the two heat 

sources pyrolyz.es at least some hydrocarbons within the selected section of the 
formation. 

1 346. The method of claim 1 344. further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



10 



1 347. The method of claim 1 344. wherein the one or more heat sources comprise 
electrical heaters. 



!5 1348. The method of claim 1344, wherein the one or more heat sources comprise 
surface burners. 

1349. The method of claim 1344. wherein the one or more heat sources comprise 
flameless distributed combustors. 

20 . 

1350. The method of claim 1 344. wherein the one or more heat sources comprise natural 

distributed combustors. 

1351. The method of claim 1344. further comprising controlling a pressure and a 

2, temperature w ithin at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1 352. The method of claim 1 344. further comprising controlling the heat such that an 
30 average heating rate of the selected section is less than about 1 T per day during 

pyrolysis. 
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,353. The method of claim 1344. wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

i ■ l - ~t -H ■ olume ( V) of the coal formation from the one or more heat 

heatinu a selected volume w ; ^ 

sources, wherein the formation has an average he- capacity „V>. and .herein the heating 
pvrolvzes a, leas, some hydrocarbons within the selected volume ofthe ,brma,i»m and 
' wherein hearing energy/day provided .0 .he volume is equal .0 or less than /V,-, 
wherein Ait is calculated by the equation: 
Pwr ^ h'VtVl), 

wherein Pitr is the heating energy/day. I, is an average heating rate ol the 
formation. „. is tbrma.ion bulk dens,,,, and wherein the heating rare is less than about .0 
C day. 

,354. The method of claim 1 344. wherein allowing the heat .0 transfer comprises 
, 5 transferring heat substantially by conduction. 

, J,, The method ofclaim 1344. wherein providing heat from the one or more hea, 
sources comprises heating the selected section such tha, a thentta, conductivi.y ., a. leas, 
a portion of the selected section is greater than about 0.5 W/(m °C>. 

,356. The method of claim ,344. wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of a, least about 25°. 

,357 The method ofclaim .344. wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein about 0.1% by weigh, ,0 abou, 1 5 % by weigh, 0, ,he 
condensable hydrocarbons are olefins. 

13 58 The method ofclaim 1344. wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
30 condensable hydrocarbons ranges from about 0.001 to about 0.1>. 



408 



Conlcy. Rose & I ayon. P C 



The method of claim 1 344. where, the produced mixu-c compnses condensable 
hydrocarbons, and .heroin iess ,ha„ abou, I % b> weigh, when calcula.ed on „ atom.c 
basis, (.rihe condensable hydrocarbons is nitrogen. 

5 136 „ The method o,'claim 1344. wherein the produced mixture comprises condensable 
hydrocarbons, and wherem less than about 1 % by weight, when calculated on an a.omtc 
basis, of the condensable hydrocarbons is oxygen. 

, 361 The method ofclaim 1344, wherein the produced mixture comprises condense 
,„ hydrocarbons, and where,,, less than about . % by weigh,, when calculated on an atom.c 
basis, of the condensable hydrocarbons is sulfur. 

,362 The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weigh, to about 30 % by we.gh, of ,he condensable 
, 5 hydrocarbons comprise oxygen con.ainmg compounds, and wherein ,he oxygen 

containing compounds comprise phenols. 

,363 The method of claim ,344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than abou, 20 % by weigh, of ,he condensable 
20 hydrocarbons are aromatic compounds. 

, 364 The method of claim 1 344. wherein the produced rmxture comprises condensable 
hvdrocarbons. and wherein less than abou, 5 % by .eight of the condensable 
hydrocarbons comprises multi-ring aromatic* with more than two rtngs. 

,365 The me,lu,d ofclaim 1 344. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than abou, 0.3 % by weigh, of the condensable 

hydrocarbons are asphaltenes. 
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1 360. The method of claim 1 344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1 367. The method of claim 1 344. wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and w herein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

1 368. The method of claim 1 344, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 369. The method of claim 1 344, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1 370. The method of claim 1 344, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1 371 . The method of claim 1 344. further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. 

1372. The method of claim 1344. wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



1 373. The method of claim 1 344. further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
30 numbers greater than about 25 . 
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1 374. The method of claim 1 344. further comprising: 
providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

1375. The method of claim 1344, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

1 376. The method of claim 1 344. wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1377. The method of claim 1344, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

15 

1 378. The method of claim 1 344. wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

20 1 379. The method of claim 1 344, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



1 380. The method of claim 1 344. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1381. A method of treating a coal formation in situ, comprising: 
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heating a first section of the formation: 
producing I \ 2 from the first section of formation: 
hcatin» a second section of the formation: and 

recirculating a portion of the M 2 from the first section into the second section oi 
5 the formation to provide a reducing environment within the second section oi the 

formation. 

, 382. The m e,hod of claim 1381, wherein heating the firs, section or hea.,n g the second 
section comprises heating with an electrical heater. 

, j,3. The method of claim 1 381 . wherein heating the firs, section or heating the second 
section comprises heating wi,h a surface burner. 

,384. The method of Cairn ,381, wheretn heating the firs, section or heattng ,he second 
, , section comprises heating with a flameless distributed combuslor. 

,385. The memod of claim 1381. wherein heating the firs, secon or netting ,he second 
section comprises healing with a natural distributed comhustor. 

,„ ,386 The method of claim 1381, further comprising controlling a pressure and a 
.emperature within a, leas, a majority of the firs, or second section of the fonmatton, 
wherein ,he pressure is con.rolled as a function of temperature, or the temperature ,s 



7> 



controlled as a function of pressure. 



,87 The method of claim 1 381, further comprising controlling the hea, such that an 
"•crage heating rate of.he firs, or second section is less than about 1 -C per day dunng 



average 
pyrolysis 



388. The method of claim 1381. wherein heating the firs, section or heating the second 



1 

section further comprises 
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heating a selected volume ( I r ) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v l and wherein the heating 
pyrolyzes at least some hydrocarbons w ithin the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than P\\ r\ 
5 wherein Pwr is calculated by the equation: 

Pwr - h*V*C v */) H 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p H is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. 

10 

1 389. The method of claim 1381. wherein heating the first section or heating the second 
section comprises transferring heat substantially by conduction. 

1390. The method of claim 1381, wherein heating the first section or heating the second 
15 section comprises heating the formation such that a thermal conductivity of at least a 

portion of the first or second section is greater than about 0.5 W/( m °C). 

1391. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons 

20 having an API gravity of at least about 25°. 

1392. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
w herein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 

25 are olefins. 

1393. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises non-condensable hydrocarbons, 
and wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons 

30 ranges from about 0.001 to about 0.15. 
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1 394. The method of claim 1381. further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

13^5. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

10 

1 396. The method of claim 1381. further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur, 

15 

1397. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
comprise oxygen containing compounds, and wherein the oxygen containing compounds 

20 comprise phenols. 

1398. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 

25 compounds. 

1 399. The method of claim 1381. further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 

30 ring aromatics with more than two rings. 
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1 400. The method of claim 1381. further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltencs. 

5 

1401. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 

10 

1402. The method of claim 1381. further comprising producing a mixture from the 
second section, w herein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 

i 5 hydrogen is less than about 80 % by volume of the non-condensable component. 

1403. The method of claim 1381 . further comprising producing a mixture from the 
second section, wherein the produced mixture comprises ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 

20 

1404. The method of claim 1381. further comprising producing a mixture from the 
second section, wherein the produced mixture comprises ammonia, and wherein the 
ammonia is used to produce fertilizer. 



25 1405. 1 he method of claim 1381. further comprising controlling a pressure w ithin at 
least a majority of the first or second section of the formation, wherein the controlled 
pressure is at least about 2.0 bar absolute. 

1406. The method of claim 1381, further comprising controlling formation conditions to 
30 produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 
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1 407. The method of claim 1 406, wherein the partial pressure of 1 1 2 within a mixture is 
measured when the mixture is at a production well. 

5 1408. The method of claim 1381 , further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1409. The method of claim 1381, further comprising: 

10 providing hydrogen (H 2 ) to the second section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the second section with heat from hydrogenation. 

1410. The method of claim 1381, further comprising: 

1 5 producing hydrogen and condensable hydrocarbons from the formation; and 

hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

1411. The method of claim 1381, wherein heating the first section or heating the second 
20 section comprises increasing a permeability of a majority of the first or second section, 

respectively, to greater than about 100 millidarcy. 

1412. The method of claim 1381, wherein heating the first section or heating the second 
section comprises substantially uniformly increasing a permeability of a majority of the 

25 first or second section, respectively. 

1413. The method of claim 1381. further comprises controlling the heating of the first 
section or controlling the heat of the second section to yield greater than about 60 % by 
weight of condensable hydrocarbons, as measured by Fischer Assay. 

30 
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1414. The method of claim 1381. further comprising producing a mixture from the 
formation in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

5 1415, The method of claim 1381, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

10 1416. The method of claim 1381, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

15 

1417. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
20 section of the formation; 

producing a mixture from the formation; and 

controlling formation conditions such that the mixture produced from the 
formation comprises condensable hydrocarbons including H?, wherein the partial 
pressure of within the mixture is greater than about 0.5 bar. 

1418. The method of claim 1417, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 
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1419. The method of claim 1417. wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 



rantze. 



1420. The method of claim 1417, wherein the one or more heat sources comprise 
electrical heaters. 

1421 . The method of claim 1417, wherein the one or more heat sources comprise 
surface burners. 

1422. The method of claim 1417. wherein the one or more heat sources comprise 
flameless distributed combustors. 

1 423 . The method of claim 1417, wherein the one or more heat sources comprise natural 
1 5 distributed combustors. 

1424. The method of claim 1417, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, w herein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 

20 a function of pressure. 

1425. The method of claim 1417, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



30 



1426. The method of claim 1417. wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal f ormation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ). and wherein the heating 
pyrolyzes at least some hydrocarbons w ithin the selected volume of the formation: and 
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wherein healing energy/day provided to the volume is equal to or less than P\v?\ 
wherein Pur is calculated by the equation: 
Pwr h*V*C v *p H 

wherein Pwr is the heating energy/day. h is an average heating rate of the 
formation, /) H is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



1427. The method of claim 1417. wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

10 

1428. The method of claim 1417, w herein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/fm °C). 

15 1429. The method of claim 1417. wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1430. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 1 5 % by weight of the 

20 condensable hydrocarbons are olefins. 

1 43 1 . The method of claim 1417, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

25 

1432. The method of claim 1417. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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1433. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

5 1434, The method of claim 1417. w herein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur, 

1435. The method of claim 1417, wherein the produced mixture comprises condensable 
10 hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1436. The method of claim 1417, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

hydrocarbons are aromatic compounds. 

1 437. The method of claim 1417. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 

20 hydrocarbons comprises multi-ring aromatics with more than two rings. 

1438. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and w herein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

25 

1439. The method of claim 1417. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

30 1 440. The method of claim 1417. w herein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen. 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

1 441 . The method of claim 1417. wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1442. The method of claim 1417, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1443. The method of claim 1417. further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

/ 

1444. The method of claim 1417, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1445. The method of claim 1417, wherein controlling formation conditions comprises 
20 recirculating a portion of hydrogen from the mixture into the formation. 

1446. The method of claim 1417. further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section: and 
25 heating a portion of the section with heat from hydrogenation. 

1447. The method of claim 1417. further comprising: 

producing hydrogen and condensable hy drocarbons from the formation: and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
30 portion of the produced hydrogen. 



15 
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1 448. The method of claim 1417. wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

1449. The method of claim 1417. wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1450. The method of claim 141 7, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1451 . The method of claim 1417. wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1452. The method of claim 1417. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



20 1453. The method of claim 1417, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

25 

1 454. The method of claim 1417, wherein the partial pressure of 1 1 2 within the mixture 
is measured when the mixture is at a production well. 

1455. A method of treating a coal formation in situ, comprising: 

30 providing heat from one or more heat sources to at least a portion ol the 

formation: 
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allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

maintaining a pressure of the selected section above atmospheric pressure to 
increase a partial pressure of U 2 . as compared to the partial pressure of 1I 2 at atmospheric 
5 pressure, in at least a majority of the selected section: and 

producing a mixture from the formation, wherein the produced mixture comprises 
condensable hydrocarbons having an API gravity of at least about 25°. 

1456. The method of claim 1455, wherein the one or more heat sources comprise at 
1 o least two heat sources, and wherein superposition of heat from at least the two heat 

sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

1457. The method of claim 1455, further comprising maintaining a temperature within 
1 5 the selected section within a pyrolysis temperature range. 

1458. The method of claim 1455, wherein the one or more heat sources comprise 
electrical heaters. 

20 1459. The method of claim 1455, wherein the one or more heat sources comprise 
surface burners. 

1460. The method of claim 1455, wherein the one or more heat sources comprise 
flameless distributed combustors. 



1461 . The method of claim 1455. wherein the one or more heat sources comprise natural 
distributed combustors. 

1462. The method of claim 1455. further comprising controlling the pressure and a 
30 temperature within at least a majority of the selected section of the formation, wherein 
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the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1463. The method of claim 1455. further comprising controlling the heat such that an 
5 average healing rate of the selected section is less than about 1 °C per day during 

pyrolysis. 

1464. The method of claim 1455, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

, o heating a selected volume ( V) of the coal formation from the one or more heat 

sources, wherein the formation has an average heat capacity (( \). and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation: and 
wherein heating energy/day provided to the volume is equal to or less than /Vr, 
wherein Pwr is calculated by the equation: 

15 Pwr = h*V*C v *p K 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation. p„ is formation bulk density, and wherein the heating rate is less than about 10 

°C/day. 

20 1465. The method of claim 1455, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1466. The method of claim 1455, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 

25 a portion of the selected section is greater than about 0.5 W/(m °C). 

1467. The method of claim 1455. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 

30 
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1 468. The method of' claim 1 455. wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

5 1469. The method of claim 1455. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1470. The method of claim 1455, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 °o by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is oxygen. 

1471. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 °«> by weight, when calculated on an atomic 

15 basis, of the condensable hydrocarbons is sulfur. 

1472. The method of claim 1455. wherein the produced mixture comprises condensable 
hydrocarbons, w herein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 

20 containing compounds comprise phenols. 

1473. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and w herein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

25 

1474. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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1475. The method of claim 1455. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

5 1476. The method of claim 1455. w herein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1477. The method of claim 1455, wherein the produced mixture comprises a non- 
I o condensable component, wherein the non-condensable component comprises hydrogen, 
w herein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

15 1478. The method of claim 1455, wherein the produced mixture comprises ammonia, 
and w herein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1479. The method of claim 1455, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

20 

1480. The method of claim 1455, further comprising controlling the pressure within at 
least a majority of the selected section of the formation, w herein the controlled pressure 
is at least about 2.0 bar absolute. 

25 1481 . The method of claim 1455, further comprising increasing the pressure of the 

selected section, to an upper limit of about 21 bar absolute, to increase an amount of non- 
condensable hydrocarbons produced from the formation. 

1482. The method of claim 1455. further comprising decreasing pressure of the selected 
30 section, to a lower limit of about atmospheric pressure, to increase an amount of 
condensable hydrocarbons produced from the formation. 
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1483. The method of claim 1455. wherein the partial pressure comprises a partial 
pressure based on properties measured at a production well. 

5 1484. The method of claim 1455, further comprising altering the pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1485. The method of claim 1455, further comprising controlling formation conditions 
l o by recirculating a portion of hydrogen from the mixture into the formation. 

1486. The method of claim 1455. further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and 
1 5 heating a portion of the section with heat from hydrogenation. 

1487. The method of claim 1455, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
20 portion of the produced hydrogen. 

1488. The method of claim 1455. wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

25 

1489. The method of claim 1455. wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1 490. The method of claim 1 455. further comprising controlling the heat to yield greater 
30 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 
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1491 . The method of claim 1455. wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1492. The method of claim 1455. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1493. The method of claim 1455, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, w herein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repe 



15 



over an area 



ated 

of the formation to form a repetitive pattern of units. 



1494. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation: 

allowing the heat to transfer from the one or more heat sources to a selected 

20 section of the formation; 

providing H 2 to the formation to produce a reducing environment in at least some 

of the formation: 

producing a mixture from the formation. 



1495. The method of claim 1494, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources py roly/.es at least some hydrocarbons w ithin the selected section of the 
formation. 

1496. The method of claim 1494. further comprising maintaining a temperature w ithin 
the selected section within a pyrolysis temperature range. 
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1497. The method of claim 1494, further comprising separating a portion of hydrogen 
within the mixture and recirculating the portion into the formation. 

5 1498, The method of claim 1494. wherein the one or more heat sources comprise 
electrical heaters. 

1499. The method of claim 1494, wherein the one or more heat sources comprise 
surface burners. 

10 

1 500. The method of claim 1494, wherein the one or more heat sources comprise 
llameless distributed combustors. 

1501. The method of claim 1494, wherein the one or more heat sources comprise natural 
1 5 distributed combustors. 

1502. The method of claim 1494, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 

20 a function of pressure. 

1 503. The method of claim 1494, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

25 

1 504. The method of claim 1494. wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume ( I ) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity ((/ v ). and wherein the heating 
30 pvrolvzes at least some hydrocarbons within the selected volume of the formation: and 
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wherein heating energy/day provided to the volume is equal to or less than /'nr. 
wherein Pur is calculated by the equation: 
Pur h*VH\*p H 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
5 formation. p R is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. 

1505. The method of claim 1494, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

10 

1506. The method of claim 1494. wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

15 1507. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1 508. The method of claim 1494. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
20 condensable hydrocarbons are olefins. 



1 509. The method of claim 1 494, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



25 



1510. The method of claim 1 494. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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1511. The method of claim 1494. wherein the produced mixture comprises condensabl 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



1512. The method of claim 1 494. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about I % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1513. The method of claim 1494, w herein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1514. The method of claim 1 494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



1515. The method of claim 1 494. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 

20 hydrocarbons comprises multi-ring aromatics with more than two rings. 

1516. The method of claim 1 494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltencs. 

25 

1517. The method of claim 1 494. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



1518. The method of claim 1494. w herein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen. 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

5 1519. The method of claim 1494, w herein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1520. The method of claim 1494, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

10 

1 521 . The method of claim 1494, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

15 1 522. The method of claim 1494, further comprising controlling formation conditions to 
produce the mixture, w herein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. 

1523. The method of claim 1494, wherein the partial pressure of 112 w ithin the mixture 
20 is measured when the mixture is at a production well. 

1 524. The method of claim 1494, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

25 

1525. The method of claim 1494, wherein providing hydrogen (H 2 ) to the formation 
further comprises: 

hydrogenating hydrocarbons within the section; and 

heating a portion of the section w ith heat from hydrogenation. 

30 

1 526. The method of claim 1 494. further comprising: 
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producing hvdrogen and condensable hydrocarbons iron, the formation: and 
breaming a portion of the produced condensable hydrocarbons with a, least a 

portion of the produced hydrogen. 

1 577 The method of claim 1 494, wherein allowing the heat to transfer comprises 
increasing a permeability of a majon.y of the selected section to greater than about 1 00 

millidarcy. 

, 5 7 8 The method of claim 1494, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected sectton. 

,<„ The method of claim 1494. further comprising controlltng the heat to yield greater 
than abou, 60 % by wetgh. of condensable hydrocarbons, as measured by Frscher Assay. 

, 530 The method of claim 1 494, wherein producing the mixture comprises producing 
th e mixture in a production well, and wherein at leas, about 7 beat sources are disposed m 

the formation for each production well. 

,53, The method of claim .494, further comprising providing hea, from three or more 
hear sources to at lea,, a portion of the formation, wherein ttaee or more of the hea, 
sources are >oca,ed in the forma.ion in a urn, of hea, sources, and wherein the u„„ of hea, 
sources comprises a triangular pattern. 

,53, The method of clatm 1494. further eomprismg prov iding hea, from ,hree or more- 
ls hea, sources ,„ a, leas, a portion of .he format.on. wherein ,hree or more o. ,he hea, 
sources are located in ,he forma.ion in a uni, of hea, sources, wherein the unit ol hea, 
sources composes a triangular pa„cr„. and wherein a p.urali.y of .he units are repca.ed 
over an area of .he formation to form a repetitive pattern of umts. 



20 
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1 533. A method of treating a coal formation in situ, comprising: 
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providing boat from one or more heat sources to at least a portion ot the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation; 
5 providing 1 h to the selected section to hydrogenate hydrocarbons within the 

selected section and to heat a portion of the section with heat from the hydrogenation; 
and 

controlling heating of the selected section by controlling amounts of H 2 provided 
to the selected section. 

10 

1534. The method of claim 1 533. wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

15 

1535. The method of claim 1 533, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1 536. The method of claim 1 533, wherein the one or more heat sources comprise 
20 electrical heaters. 

1 537. The method of claim 1 533. wherein the one or more heat sources comprise 
surface burners. 

25 1 538. The method of claim 1 533. wherein the one or more heat sources comprise 
flameless distributed combustors. 

1 539. The method of claim 1533. wherein the one or more heat sources comprise natural 
distributed combustors. 

30 
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■n ,hod of claim 1 ^, further comprising controlling a pressure and a 

1 S4() 1 he method 01 uduu t - - - - * 

a function oi pressure. 

I54 , tv method of .hun .533, further compns.ng controUing the he. such tha, an 

^^^^^^^^^ 

pyrolysis. 

sources to at least the portion of formation compr.ses: 

hea,in» a selected volume „) of the coa. formats from the one or mor h a, 
riin -he formation has an average hea, capactty ,C,. and wherctn the hca ,n 8 
"'re! t ie hvdrocarhons within the selected volume of the forntatton; and 
pvrolyzes a, teas, some . „ or ,ess than iVr. 

wherein heating energy/day ptovtaea 10 
wherein 7>.w is calculated by the equation: 

■ wheie ,„ P„ T is the heattng encrgy/day. * is an average heattng rate o the 
o °C/day. 

• , - - u r .; n allowing the heat to transfer comprises 
1543. The method of claim 1>3,, wherein allovun* 

transferring heat substantially by conduction. 

ti, ,hod of claim 1 SV, wherein providing heat from the one or more heat 

, ,45 The method ofclatm .533. further comprising producing a mixture from the 

„ ^^^^^^^^ 

API gravity of at least about 25°. 
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, , ■ further comprising producing a mixture from the 

154 *. The method ol clatm 1 >»• •»«•" " hv(i[0C arb„n S . and 

whcre.u about 0.1% by weigh. to about b - b> »u t 

5 are olefins. 

10 from about 0.001 to about 0.1S. 

! 548. The method oi claim l ~ - , m1l , ns , b le hvdrocarbons, and 

15 condensable hydrocarbons is nitrogen. 

wherein less than about 1 /o by ^eifcn 
20 condensable hydrocarbons is oxygen. 

wherein less than about 1 /o b\ wciy 
25 condensable hydrocarbons is sulfur. 

phenols. 
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, „, T„c method of claim 1533. further comprising producing a mixture ,om the 
f orm a,t„n. wherem the produced mixture composes condensable hydrocarbons, and 
lc,n .rearer ta about 20 * by of .Ire condensable - — 

compounds. 

1553 The method of Cairn 1 533. further comprising producing a mixture from the 
formation, wherein the produced mixture composes condensable hydrocarbons and 
Ircin ,ss than about 5 * by weigh, of the condensable hydrocarbons composes mu,„- 
ring aromalics with more than two rings. 

1554 The method of Cairn .533. further comprising producing a mixture from the 
fonnatto, wheretn rhe produced mtxture comprises condensate hydrocarbons, and 
wherein less than about 0.3 % by wetgh, of the condensable hydrocarbons are 

asphaltenes. 

,555 The method of claim 1533. further comprising producmg a mixture from the 
formation, wherem the produced mixture comprises condensable hydrocarbons, and 
Ire, about 5 % by weigh, ,„ about 30 % by weigh, of the condensate hy drocarbons 

are cycloalkanes. 

,556 The method of Cairn 1533. further comprising producing a mixture from the 
formation, wherein the produced mixture composes a non-condensable component 
whe re„ 1 theno„.condc„sab,ec„mp„ne„,eompr,sesbydro g e„.wherei„«heh y rog 

greater than about 1 0 % by volume of the „o„-condensable component, and wherem 
hydrogen is less than about SO % by volume of the non-condensable component. 

,557 The mchod of Catm 1533. further comprising producing a mixture from the 
formation, wherem the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonta. 



0 
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1 558 The method of claim 1533. further comprising producing a mixture from the 
format™, wherein the produced mixture comprises ammon.a. and wherein the — » 

is used to produce fertilizer. 

, 559 The method of claim 1533. further comprising controlling a pressure within a, 
least a majority of the selected section of the formation, wherein the controlled pressure 

is at least about 2.0 bar absolute. 

,560 The method of claim 1533, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of ft within the mrx.ure 

is greater than about 0.5 bar. 

,561. The method of claim 1560, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 

1 562 The method of claim 1533, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 

numbers greater than about 25. 

,563 The method of claim 1533, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from a produced mixture into the formation. 

, S64 The method of claim 1533, further comprising: 

producing hvdrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

, 565 The method of claim 1 533. wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
) millidarcy. 
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1 566. The method of claim 1 533. wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1567. The method of claim 1533, wherein the heating is controlled of claim 1533. 
further comprising producing a mixture in a production well, and wherein at least about 7 
heat sources are disposed in the formation for each production well. 

1 568. The method of claim 1 533. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 569. The method of claim 1 533, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1 570. An in situ method for producing H 2 from a coal formation, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation; and 

producing a mixture from the formation, wherein a H 2 partial pressure within the 

25 mixture is greater than about 0.5 bar. 

1 571 . The method of claim 1 570. wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 

30 formation. 



20 
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1 572. The method of claim 1 570. further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1 573. The method of claim 1 570, wherein the one or more heat sources comprise 
5 electrical heaters. 

1 574. The method of claim 1 570, wherein the one or more heat sources comprise 
surface burners. 



10 
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1 575. The method of claim 1 570. wherein the one or more heat sources comprise 
llameless distributed combustors. 

1576. The method of claim 1570, wherein the one or more heat sources comprise natural 
distributed combustors. 

1577. The method of claim 1570, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1 578. The method of claim 1 570, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

1 579. The method of claim 1 570. wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume ( V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (( V). and wherein the heating 
pvrolyzes at least some hy drocarbons w ithin the selected volume of the formation; and 
30 wherein heating energy/day provided to the volume is equal to or less than P\v?\ 

wherein Pwr is calculated by the equation: 
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wherein Pnr is the heating energy/day. h is an average heating rate of the 
formation. p H is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. 

5 

1 580. The method of claim 1 570, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1581 The method of claim 1 570, wherein providing heat from the one or more heat 
,0 sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1 582. The method of claim 1 570, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1583. The method of claim 1570. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



20 



25 



1 584 The method of claim 1 570, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1585. The method of claim 1570. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic- 
basis, of the condensable hydrocarbons is nitrogen. 



1 586 The method of claim 1 570. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
30 basis, of the condensable hydrocarbons is oxygen. 
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, .87 The mchod of claim 1 57(1. wherein ,he produced ™«,c emprises condensable 
hydrocarbons, and wherein less than abou, 1 % b> weigh,, when calculated on an a,o,n,e 
basis, of the condensable hydrocarbons is sulfur. 



, , 588 The mchod ol'claim 1 570. wherein the produced mixture comprises condensable 
hvdrocarbons. wherem about 5 % by weigh, ,„ abou, 30 % by wetgh, of the condensable 
hydrocarbons comprise oxygen comaining compounds, and wherein ,he oxygen 
comaining compounds comprise phenols. 

. l58 9 The mchod of cla,m 1570. wherein , he produced mixrure comprises condensable 
hydrocarbons, and wherein grearer ,ba„ abou, 20 % by weigh, of ,he condensable 

hydrocarbons are aromatic compounds. 

, 590 The method of claim 1 570, wherein ihe produced mixture composes condensable 
„ hy drocarbons, and wherein less than about 5 % by weigh, of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two nngs. 

15 o, The mchod of claim 1 570. wherein ,he produced mixture comprises condensable 
hydrocarbons, and wherein less than abou, 0.3 % by weigh, of the condensable 

20 hydrocarbons are asphaltenes. 

, 5 ,2 The mchod of claim 1 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein abou, 5 % by weigh, ,o abou, 30 % by weigh, of the 
condensable hydrocarbons are cycloalkanes. 

, .93 The mchod of claim 1 570. wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hvdrogen is greater than abou, 10% by volume of the non-condensable 
common,, and wherein ,he hydrogen is less than abou, 80 % by volume of ,he non- 

condensable component. 



30 
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, 594 The method of claim 1 570. wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1595. The method of claim 1570. wherein the produced mixture comprises ammonia. 
5 and wherein the ammonia is used to produce fertilizer. 

1 596 The method of claim 1 570, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1 597 The method of claim 1 570. further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

, 5 1 598. The method of claim 1 570. further comprising recirculating a portion of the 
hydrogen within the mixture into the formation. 

1599 The method or claim 1570. further comprising condensing a hydrocarbon 
component from the produced mixture and hydrogenating the condensed hydrocarbons 
20 w ith a portion of the hydrogen. 

1600. The method of claim 1 570. further comprising: 

providing hydrogen (H 2 ) to the heated section to hvdrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 



25 



1601 The method of claim 1 570. wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 



millidarcv. 
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,6<P The method of claim 1570. wherein allowing the heat to transfer compnses 
substantially uniformly increasing a permeability of a majority of the selected section. 

16(H The method of claim 1570, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1604 The method of claim 1 570. wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed m 
the formation for each production well. 

, 605 The method of claim 1 570, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit oi heat 
sources comprises a triangular pattern. 

1606. The method of claim 1570, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources compnses a tnangular pattern, and wherein a plurality of the units are repeated 

!0 over an area of the formation to form a repetitive pattern of units. 

1607. The method of claim 1570, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 



,s 1 608. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation: 
30 wherein the selected section has been selected for heating using an atomic 

hvdrouen weight percentage of at leas, a portion of hydrocarbons in the selected section. 
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and wherein at least the portion of the hydrocarbons in the selected section comprises an 
atomic hydrogen weight percentage, when measured on a dry. ash-free bas,s. of greater 

than about 4.0 %; and 

producing a mixture from the formation. 

1609. The method of claim 1608. wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

o 

1610. The method of elaim 1608, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

161 1 . The method of claim 1608, wherein the one or more heat sources comprise 
15 electrical heaters. 

1612. The method of claim 1608, wherein the one or more heat sources comprise 
surface burners. 



20 
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1613. The method of claim 1608, wherein the one or more heat sources compn 
nameless distributed combustors. 

1614. The method of claim 1608. wherein the one or more heat sources comprise natural 
distributed combustors. 

1615. The method of claim 1 608. further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 

a function of pressure. 



30 
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1616. The method of claim 1 608. further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 X per day during 

pyrolysis. 

1617. The method of claim 1 608. wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity «'..). and wherein the heating 
pvrolyzes at least some hydrocarbons within the selected volume of the formation: and 
' wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 
Pwr h*V*(\*pH 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p, is formation bulk density, and wherein the heating rate is less than about 1 0 
15 °C/day. 

161 8. The method of claim 1608. wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

20 1619. The method of claim 1608. wherein providing heat from the one or more heat 

sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1 620. The method of claim 1 608. wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



1621. The method ofclaim 1608, wherein the produeed mixture comprises eondensable 
hydrocarbons, and wherein about 0.1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 
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1 6- The method of claim 1 608. wherein the produced mixture composes non- 
condensable hydrocarbons, and wherem a molar ratio of ethene to ethane m the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

, 16,3 The method of claim 1608. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atom, 
basis, of the condensable hydrocarbons is nitrogen. 

16 ,4 The method of claim 1608, wherem the produced mixture comprises condensable 

0 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atom, 
basis, of the condensable hydrocarbons is oxygen. 

The melhod of claim 1 608. wherein the produced mixture comprises condensable 
hydrocarbon, and wherein less than about l" «by weight, when calculated on an a,om,c 

1 s basis, of the condensable hydrocarbons is sulfur. 

,6-6 The method of claim 1608. wherein the produced mixture comprises condensable 
hvdrocarbons. wherein about 5 % by weigh, to about 30 % by weigh, of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
20 containing compounds comprise phenols. 

1627 The method of claim 1608, wherein .he produced mixture comprises condensable 
hy drocarbon, and wherein greater ,han about 20 % by weigh, of the condensable 

hydrocarbons are aromatic compounds. 

lt P8 The method of claim 1608. wherein the produced mixture comprises condensable 
hvdrocarbons. and wherein less than about 5 % by weight of the condensable 
hvdrocarbons comprises multi-ring aromatic* with more than two nngs. 
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1 629. The method of claim 1 608. wherein the produced mixture comprises condensable- 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1630. The method of claim 1608. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

163 1 The method of claim 1608. wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 

condensable component. 

1632. The method of claim 1608. wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1633. The method of claim 1608. wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1634. The method of claim 1608, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1635 The method of claim 1 608, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 

about 0.5 bar. 

1636. The method of claim 1635. wherem the partial pressure of 112 within the mixture 
30 is measured when the mixture is at a production well 
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1637. The method of claim 1608, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1638. The method of claim 1608, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1639. The method of claim 1 608. further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section: and 

healing a portion of the section with heat from hydrogenation. 

1 640. The method of claim 1 608, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 



1 641 . The method of claim 1 608, w herein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 

20 millidarcy. 

1 642. The method of claim 1 608. wherein allow ing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

25 1643. The method of claim 1608, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1 644. T he method of claim 1 608. w herein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
30 the formation for each production well. 
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1645. The method of claim 1608. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1646. The method of claim 1608, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1 647. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation: 

wherein at least some hydrocarbons within the selected section have an initial 
atomic hydrogen weight percentage of greater than about 4.0 %; and 

producing a mixture from the formation. 

1 648. The method of claim 1 647, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

1 649. The method of claim 1 647, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



1650. The method of claim 1 647. wherein the one or more heat sources comprise 
30 electrical heaters. 
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,651 . The method of claim 1647. wherein the one or more heat sources comprise 
surface burners. 

i i r i - ;m 1 M" 7 wherein the one or more heat sources comprise 
1652. The method ot claim 164/, wncrtin uk. 

flameless distributed combustors. 



1653. The method of claim 1647, wherein the one or 
distributed combustors. 



more heat sources comprise natural 



20 



165 4 The method of claim 1647. further comprising c»n,rollin e a pressure and a 
temperature within a, ,eas, a matonty of ,he seleeted seetion of the formation, wheretn 
the pressure is controlled as a function of temperature, or the temperature is controlled as 

a function of pressure. 

1655 The method of claim 1647. further comprising controlling the hea, such tha, an 
average heating rate of the selected section is less than about 1 °C pe, day durtng 

pyrolysis. 

,656. The method of claim .647. wherein providing hea, from the one or more hea, 
sources to at least the portion of formation comprises: 

heating a selected volume ( D of the coal formation from the one or more hea, 
sources, wherein ,he formahon has an average hea, capacity <«. and wherein the heat.ng 
pvrolvzes a, leas, some hydrocarbons wi.hin ,he se,ec,ed volume of ,he formahon: and 
' ' wherein heating energy/day provided to the volume is equal to or less than P*r. 
wherein Put is calculaled by the equation: 
Pwr - h*VC\*l>> 

wherein P«r is the heating energy/day. h is an average heating rate ol the 
formation. „ is formation bulk density, and wheretn the heattng rate is less than about 1 0 

°C7day. 

,657. The method of claim 1647. wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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1658. The method of claim 1647, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1 659. The method of claim 1 647, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1 660. The method of claim 1 647, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 

condensable hydrocarbons are olefins. 

1661. The method of claim 1647, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a.fliolar ratio of ethene to ethane in the non- 

,5 condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1 667 The method of claim 1 647. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1663. The method of claim 1647. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

■>s 1664. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1665 The method of claim 1647. wherein the produced mixture comprises condensable 
30 hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
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hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1 666. The method of claim 1 647. wherein the produced mixture comprises condensable 
5 hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

hydrocarbons are aromatic compounds. 

1 667. The method of claim 1 647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 

10 hydrocarbons comprises multi-ring aromatics with more than two rings. 

1 668. The method of claim 1 647. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 °o by weight of the condensable 
hydrocarbons are asphaltenes. 

15 

1669. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

20 1 670. The method of claim 1 647, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



2D 
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1671 . The method of claim 1647. wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 672. The method of claim 1 647. wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 
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1673. The method of claim 1647. further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

5 1674. The method of claim 1647, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. 

1675. The method of claim 1674, wherein the partial pressure of H2 within the mixture 
10 is measured when the mixture is at a production well. 

1676. The method of claim 1647. further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

15 

1677. The method of claim 1647, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1678. The method of claim 1647, further comprising: 

20 providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydro genation. 

1 679. The method of claim 1 647. further comprising: 

25 producing hydrogen and condensable hydrocarbons from the formation; and 

hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

1680. The method of claim 1647. wherein allowing the heat to transfer comprises 

30 increasing a permeability of a majority of the selected section to greater than about 1 00 

millidarcv. 
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1681. The method of claim 1 647, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

5 1682. The method of claim 1647, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1683. The method of claim 1647, w herein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 

10 the formation for each production well. 

1684. The method of claim 1647, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 

1 5 sources comprises a triangular pattern. 

1685. The method of claim 1647, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 

20 sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1686. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

25 formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

wherein the selected section has been selected for heating using vitrinite 
reflectance of at least some hydrocarbons in the selected section, and wherein at least a 
30 portion of the hydrocarbons in the selected section comprises a vitrinite reflectance of 
greater than about 0.3 %: 
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wherein at least a portion of the hydrocarbons in the selected section comprises a 
vitrinite reflectance of less than about 4.5 %: and 
producing a mixture from the formation. 

5 1 687. The method of claim 1 686. wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

10 1688. The method of claim 1686. further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature. 

1689. The method of claim 1686, wherein the vitrinite reflectance of at least the portion 
of hydrocarbons within the selected section is between about 0.47 % and about 1.5 % 
h that a majority of the produced mixture comprises condensable hydrocarbons. 



20 
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1 690. The method of claim 1686, wherein the vitrinite reflectance of at least the portion 
of hydrocarbons within the selected section is between about 1 .4 % and about 4.2 % such 
that a majority of the produced mixture comprises non-condensable hydrocarbons. 

1 69 1 . The method of claim 1 686. wherein the one or more heat sources comprise 
electrical heaters. 

1 692. The method of claim 1 686, wherein the one or more heat sources comprise 
surface burners. 

1 693 . The method of claim 1 686. wherein the one or more heat sources comprise 
flameless distributed combustors. 

1 694. The method of claim 1 686. wherein the one or more heat sources comprise natural 
distributed combustors. 
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1695. The method of claim 1686, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 

5 a function of pressure. 

1 696. The method of claim 1 686, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



10 
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1 697. The method of claim 1 686. wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume ( V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation: and 

wherein heating energy/day provided to the volume is equal to or less than Air, 
wherein Pwr is calculated by the equation: 

Pur - /;*!'*( ' v */>f 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p„ is formation bulk density, and wherein the heating rate is less than about 10 

°C/day. 

1698. The method of claim 1686, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1 699. The method of claim 1 686, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1 700. The method of claim 1 686, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 
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1 70 1 . The method of claim 1 686. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 

1 702. The method of claim 1 686, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1 703. The method of claim 1 686. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1704. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



1 705 . The method of claim 1 686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

20 basis, of the condensable hydrocarbons is sulfur. 

1 706. The method of claim 1 686, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 

25 containing compounds comprise phenols. 

1 707. The method of claim 1686. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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! 708. The method of claim 1 686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

< 1709. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1710. The method of claim 1686, wherein the produced mixture comprises condensable 
,0 hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 

condensable hydrocarbons are cycloalkanes. 

1711. The method of claim 1686, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 

15 wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

1712. The method of claim 1686, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 
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1713. The method of claim 1686, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1714. The method of claim 1686, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1715 The method of claim 1686. further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 

about 0.5 bar. 
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.-asured when the mixture is at a production well. 



is me 



m7 The method of claim 1686. further comprising altering a pressure withtn the 
formation to inhibit productton of h,dr„earh„„s from the formation havmg carbon 
numbers greater than about 25. 

17l8 The method ofeiaim ,686. further comprrsing controlling formatton conditions 
by recirculating a port.on of hydrogen from the mixture into the formatto, 

,719 The method of claim 1686. nirther comprising: 

' providing hydrogen <*> to the heated section to hydrogenate hydros 

within the section; and 

heating a portion of the section with heat from hydrogena.ton. 

1710 The method orclaim 1686. further comprising: 

producing hydrogen and condensable hydrocarbons from the formatton; and 

20 portion of the produced hydrogen. 

, 72 , The method of claim .686. wherein allowing the he, to transfer compnses 
increase a permeahrlity of a majority of the selected section to greater than about ,00 

millidarcy. 

, 7 „ The method of claim 1 686. wherein allowing the hea, to transfer comprises 
^ntially uniformly .ncrcasing a pe m eab„ity of a majority of the selected sectton. 

, 7 ,3 Theme,hodore,aim,686.fur,here 0 mpris,„gc„n,r„,ling l hehea„„yie.dgrea,er 
lab„u,60 % by weigh, „f condensable hydrocarbons, as measured by Ftscher Assay. 
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, m The method of claim 1686. wherein producing the mixture comprises producing 
,hc mixture i„ a production well, and wherein a, least about 7 hea, sources are d.sposed ,n 

the formation for each production well. 

5 1705 The method of claim 1686, further compristng provtding heat from three or more 
hea, sources to a, leas, a portion of the formation, wherein three or more of the hea, 
sources are located in the formation in a unit of hea. sources, and wherein the umt of hea, 
sources comprises a triangular pattern. 

I0 1726 The method of claim 1686, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the umt ot heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

15 

1727. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 

^>0 section of the formation; 

wheretn the selected section has been selected for heating using a total organic 
matter weigh, percentage of a, leas, a portion of the selected section, and wherein at leas, 
the portion of the selected section comprises a ,o,al organic matter weigh, pereen.age. of 

at least about 5.0 %: and 
25 producing a mixture from the formation. 

1728 The method of claim 1727, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 

30 formation. 
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1 729. The method of claim 1 727, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1730. The method of claim 1727, wherein the one or more heat sources comprise 
5 electrical heaters. 

1731. The method of claim 1727, wherein the one or more heat sources comprise 
surface burners. 

10 1732. The method of claim 1727. wherein the one or more heat sources comprise 
flameless distributed combustors. 

1733. The method of claim 1727, wherein the one or more heat sources comprise natural 
distributed combustors. 



15 



20 



1 734. The method of claim 1 727, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1735. The method of claim 1 727. further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

1 736. The method of claim 1 727, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C' v ), and wherein the heating 
pyrolyzes at least some hydrocarbons w ithin the selected volume of the formation: and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
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Pwr h*V*C*pH 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation. p B is formation bulk density, and wherein the heating rate is less than about 1 0 

°C/day. 

5 

1 737. The method of claim 1 727, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1 738. The method of claim 1727, wherein providing heat from the one or more heat 

10 sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1739. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

15 

1740. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

20 1741. The method of claim 1727, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1742. The method of claim 1727. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1743. The method of claim 1727. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

0 basis, of the condensable hydrocarbons is oxygen. 
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I 744. The method of claim 1 727. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1 745. The method of claim 1 727. wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1746. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1747. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hvdrocarbons comprises multi-ring aromatics with more than two rings. 



1 748. The method of claim 1 727. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 

20 hydrocarbons are asphaltenes. 

1 749. The method of claim 1 727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

25 

1 750. The method of claim 1 727, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and w herein the hydrogen is less than about 80 % by volume of the non- 
30 condensable component. 
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1 75 1 . The method of claim 1 727. wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 752. The method of claim 1 727. wherein the produced mixture comprises ammonia, 
5 and wherein the ammonia is used to produce fertilizer. 

1753. The method of claim 1727, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

10 

1 754. The method of claim 1 727, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. 

15 1755. The method of claim 1 754, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 

1756. The method of claim 1 727. further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 

20 numbers greater than about 25 . 

1757. The method of claim 1727, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

25 1 758. The method of claim 1 727, further comprising: 

providing hydrogen (IT) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

30 1 759. The method of claim 1 727. further comprising: 

producing hydrogen and condensable hydrocarbons from the formation: and 
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hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

1 760. The method of claim 1 727, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

1761. The method of claim 1727, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

10 

1762. The method of claim 1727. further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1763. The method of claim 1727. wherein producing the mixture comprises producing 

, 5 the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1 764. The method of claim 1 727. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

20 sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1765. The method of claim 1727, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

25 sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1 766. A method of treating a coal formation in situ, comprising: 

30 prov iding heat from one or more heat sources to at least a portion of the 

formation; 
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allowing the heal to transfer f rom the one or more heat sources to a selected 

section of the formation: 

wherein at least some hydrocarbons within the selected section have an initial 

total organic matter weight percentage of at least about 5.0%; and 
5 producing a mixture from the formation. 

1767. The method of claim 1766, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 

10 formation. 

1768. The method of claim 1766. further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 
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1 769. The method of claim 1 766, wherein the one or more heat sources comprise 
electrical heaters. 

1770. The method of claim 1766. wherein the one or more heat sources comprise 
surface burners. 

1771. The method of claim 1766, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1 772. The method of claim 1 766. wherein the one or more heat sources comprise natural 
25 distributed combustors. 

1773. The method of claim 1766. further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 

30 a function of pressure. 
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1 774 The method of elaim 1 766, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 

pyrolysis. 

1775. The method of claim 1766, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources wherein the formation has an average heat capacity (Q, and wherein the heating 
pvrolvzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pur. 
wherein Pwr is calculated by the equation: 
Pwr - h*V*C v *p B 

wherein Pwr is the heating energy/day. h is an average heating rate of the 
formation, Ps is formation bulk density, and wherein the heating rate is less than about 10 

15 °C/day. 

, 776. The method of claim 1 766. wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

20 1777 The method of claim 1766, wherein providing heat from the one or more heat 

sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1778. The method of elaim 1766, wherein the produced mixture comprises condensable 
hvdrocarbons having an API gravity of at least about 25°. 



1 779. The method of claim 1 766. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 

condensable hydrocarbons are olefins. 
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1 780. The method of claim 1 766, wherein the produced mixture comprises non- 
condensahle hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1781. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1782. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1783. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



1 784. The method of claim 1 766. wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by w eight to about 30 % by w eight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 

20 containing compounds comprise phenols. 

1785. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by w eight of the condensable 

hydrocarbons are aromatic compounds. 



1786. The method of claim 1766. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by w eight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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, 787 The method ... claim ,766. wherein .he produced mixture comprises condensable 
hydrocarbons, and wherein less ,ha„ abou. 0.3 % by weigh, of .he condensable 

hydrocarbons are asphaltenes. 

5 ,788 The method of claim 1766. wherein ,he produced mixture comprtses condensable 
hydrocarbons, and wherein about 5 % by weigh, to about 30 S by weigh, oi .he 
condensable hydrocarbons are cycloalkanes. 

,789 The me,hod of claim 1766, wherein the produced mixture comprises a non- 
,0 condensable component, wherein the non-condensable component comprises hydrogen, 
wherem ,lte hydrogen is greater than about .0 % by volume of the „„„-co„densab,e 
eomponen, and wherein the hydrogen is !ess than about 80 , . by volume of the non- 

condensable component. 

15 17 90 The method of claim 1 766. wherein the produced nature comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is —a. 

17 91. The method of claim 1766. wherein the produced mixta* comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



20 



30 



,792 The method of claim 1766, further comprising controlling a pressure within a, 
leas, a ma.on.y of me seleCed sec.ion of .he forma.ton. wheretn the controlled pressure 
is at least about 2.0 bar absolute. 

,793 The method of claim 1766, further comprising conirolhng formation condi.tons ,o 
pr „d„ee ,he mix.ure. wherein a parttal pressure of H 3 withm the mtxture is greater than 

about 0.5 bar. 

,794. The method of claim 1793. wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 
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1 795. The method of claim 1 766, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

5 1796. The method of claim 1766, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1 797. The method of claim 1 766. further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

10 within the section; and 

heating a portion of the section with heat from hydrogenation. 



1798. The method of claim 1766, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



15 



1 799. The method of claim 1 766, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 

20 millidarcy. 

1 800. The method of claim 1 766, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



25 



1801. The method of claim 1766. further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



1 802. The method of claim 1766, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
30 the formation for each production well. 
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1 803. The method of claim 1 766. further comprising providing heat from three or more- 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 804. The method of claim 1 766. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1805. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation: 

wherein the selected section has been selected for heating using an atomic oxygen 
weight percentage of at least a portion of hydrocarbons in the selected section, and 
wherein at least a portion of the hydrocarbons in the selected section comprises an atomic 



/eight percentage of less than about 1 5% when measured on a dry, ash free 



20 oxygen w 
basis; and 

producing a mixture from the formation. 



1806. The method of claim 1805, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heal from at least the two heat 
sources pyrolyzcs at least some hydrocarbons within the selected section of the 
formation. 



1 807. The method of claim 1 805, further comprising maintaining a temperature within 
30 the selected section within a pyrolysis temperature range. 
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1 808. The method of claim 1 805. wherein the one or more heat sourees comprise 
electrical heaters. 

1 809. The method of claim 1 805. wherein the one or more heat sources comprise 
5 surface burners. 

1810. The method of claim 1805, wherein the one or more heat sources comprise 
flameless distributed combustors. 

I0 1811. The method of claim 1805, wherein the one or more heat sources comprise natural 
distributed combustors. 

1812. The method of claim 1 805, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 

, 5 the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1813. The method of claim 1805. further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 

20 pyrolysis. 

1814. The method of claim 1805. wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume ( V) of the coal formation from the one or more heat 
,s sourees. wherein the formation has an average heat capacity (C ). and wherein the heating 
pvrolyzes at least some hydrocarbons within the selected volume of the formation; and 
' wherein heating energy/day provided to the volume is equal to or less than Pv.r, 
wherein Pwr is calculated by the equation: 
p wr - h*V*L\*p H 
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wherein /N.r is the healing energy/duv, * is an average healing rale of .he 
f„ rm a,ion. ,„ is fom-ion bulk densily. and wherein ,he healing rale is less lhan aboa, 10 

°C/day. 

5 1815. The method of claim 1805, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1816 The method of claim 1805, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
,0 a portion of the selected section is greater than about 0.5 W/(m °C). 

1817. The method of claim 1805. wherein the produced mixture comprises condensable 
hvdrocarbons having an API gravity of at least about 25°. 



15 
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18,8 The method of claim 1805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 

1819 The method of claim 1805, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1 8 , 0 The method of claim 1 805. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

, 8 o , The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



30 



474 



Omlcy. Rose & Tayon. I' <■' 



1822. The method of claim 1805. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

5 1823. The method of claim 1805. wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

10 1 824. The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by w eight of the condensable 
hydrocarbons are aromatic compounds. 

1825. The method of claim 1805, wherein the produced mixture comprises condensable 
, 5 hydrocarbons, and wherein less than about 5 % by weight of the condensable 

hydrocarbons comprises multi-ring aromatics with more than two rings. 

1 826. The method of claim 1805. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 

20 hydrocarbons are asphaltenes. 

1827. The method of claim 1 805, wherein the produced mixture comprises condensable 
hy drocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



1 828. The method of claim 1 805. wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
30 condensable component. 
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1 829. The method of claim 1 805, wherein the produced mixture comprises ammon.a. 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1830. The method of claim 1805. wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1831. The method of claim 1 805, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1832. The method of claim 1805. further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. 

,5 1833. The method of claim 1832, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 

1 834. The method of claim 1 805. further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 

20 numbers greater than about 2 5 . 

1835. The method of claim 1805. further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

25 1 836. The method of claim 1805. further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 



30 



1837. The method of claim 1805. further comprising: 

producing hydrogen and condensable hydrocarbons from the formation: and 
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hydrogemiting a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

1838. The method of claim 1805, wherein allowing the heat to transfer comprises 

5 increasing a permeability of a majority of the selected sect.on to greater than about 100 
millidarcy. 

1839. The method of claim 1805, wherein allowing the heat to transfer further 
comprises substantially uniformly increasing a permeability of a majority of the selected 

10 section. 

1840. The method of claim 1805. further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

,5 1841. The method of claim 1805, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1 842. The method of claim 1 805, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 843. The method of claim 1 805, further comprising providing heat from three or more 
25 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

30 1 844. A method of treating a coal formation in situ, comprising: 



20 
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providing heat from one or more heat sources to a selected section of the 
formation; 

allowing the heat to transfer from the one or more heat sources to the selected 
section of the formation to pyroly/.e hydrocarbon within the selected section; 
5 wherein at least some hydrocarbons within the selected section have an initial 

atomic oxygen weight percentage of less than about 15%; and 

producing a mixture from the formation. 

1 845. The method of claim 1 844. wherein the one or more heat sources comprise at 
1 o least two heat sources, and wherein superposition of heat from at least the two heat 

sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

1 846. The method of claim 1 844, farther comprising maintaining a temperature within 
1 5 the selected section within a pyrolysis temperature range 

1 847. The method of claim 1 844, wherein the one or more heat sources comprise 
electrical heaters. 

20 1 848. The method of claim 1 844, wherein the one or more heat sources comprise 
surface burners. 

1 849. The method of claim 1 844, wherein the one or more heat sources comprise 
flameless distributed combustors. 



25 



30 



1 850. The method of claim 1 844. wherein the one or more heat sources comprise natural 
distributed combustors. 

1851. The method of claim 1 844, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
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the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1852. The method of claim 1844, further comprising controlling the heat such that an 
5 average heating rate of the selected section is less than about 1 °C per day during 

pvrolysis. 

1853. The method of claim 1 844, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

10 heating a selected volume ( V) of the coal formation from the one or more heat 

sources, wherein the formation has' an average heat capacity (C v ). and wherein the heating 
pyrolvzes at least some hydrocarbons within the selected volume of the formation: and 
' wherein heating energy/day prov ided to the volume is equal to or less than Pmt, 
wherein Pwr is calculated by the equation: 
15 Pwr = h*V*C v *p„ 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation. p„ is formation bulk density, and wherein the heating rate is less than about 1 0 
c C/day. 

20 1 854. The method of claim 1 844, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1855. The method of claim 1844, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 

25 a portion of the selected section is greater than about 0.5 W/(m °C). 

1856. The method of claim 1 844. wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 
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1857. The method of claim 1 844. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 

5 1858. The method of claim 1 844, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1 859. The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



10 



1 860. The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

15 basis, of the condensable hydrocarbons is oxygen. 

1861 . The method of claim 1844. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

20 

1862. The method of claim 1844, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



•?<\ 



1863. The method of claim 1844, wherein the produced mixture comprises condensable 
hy drocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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1864. The method of claim 1844. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1865. The method of claim 1844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1 866. The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1 867. The method of claim 1 844. wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

1868. The method of claim 1 844, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1869. The method of claim 1844, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2 s 1870. The method of claim 1 844. further comprising controlling a pressure w ithin at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1871. The method of claim 1 844. further comprising controlling formation conditions to 
30 produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 

about 0.5 bar. 



20 
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1872. The method of claim 1871. wherein the partial pressure of IT within the mixture 
is measured when the mixture is at a production well. 

5 1873. The method of claim 1844, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1 874. The method of claim 1 844, further comprising controlling formation conditions 
l o by recirculating a portion of hydrogen from the mixture into the formation. 

1 875. The method of claim 1 844, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and 
1 5 heating a portion of the section with heat from hydrogenation. 

1 876. The method of claim 1 844, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
20 portion of the produced hydrogen. 

1877. The method of claim 1844, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcv. 

25 

1 878. The method of claim 1 844, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1 879. The method of claim 1 844, further comprising controlling the heat to yield greater 
30 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 
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1 880. The method of claim 1 844. wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

5 1881. The method of claim 1 844, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

in 1 882. The method of claim 1 844, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

15 

1883. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 

20 section of the formation; 

wherein the selected section has been selected for heating using an atomic 
hydrogen to carbon ratio of at least a portion of hydrocarbons in the selected section, 
wherein at least a portion of the hydrocarbons in the selected section comprises an atomic 
hydrogen to carbon ratio greater than about 0.70. and wherein the atomic hydrogen to 
25 carbon ratio is less than about 1 .65; and 

producing a mixture from the formation. 

1 884. The method of claim 1 883. wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
30 sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 
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1885. The method of claim 1883, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1 886. The method of claim 1 883, wherein the one or more heat sources comprise 
electrical heaters. 

1887. The method of claim 1883, wherein the one or more heat sources comprise 
surface burners. 

1 888. The method of claim 1 883, wherein the one or more heat sources comprise 
llameless distributed combustors. 

1889. The method of claim 1883, wherein the one or more heat sources comprise natural 
1 5 distributed combustors. 

1 890. The method of claim 1 883, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 

20 a function of pressure. 

1 891 . The method of claim 1 883. further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



30 



1 892. The method of claim 1 883. wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (( V), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation: and 
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wherein heating energy/day provided to the volume is equal to or less than /Vr. 
wherein Pwr is calculated by the equation: 
Pur h*lH '.*/>,■ 

wherein Pur is the heating energy/day, h is an average heating rate of the 
5 formation, „„ is formation bulk density, and wherein the heating rate is less than about 1 0 

°C/day. 

1893. The method of claim 1 883. wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

10 

1894 The method of claim 1 883. wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

15 1895. The method of claim 1 883, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1 896. The method of claim 1 883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 

20 condensable hydrocarbons are olefins. 

1897. The method of claim 1883, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1 898. The method of claim 1 883. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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1 899. The method ofclaim 1 883. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1 900. The method of claim 1 883. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1 90 1 . The method of claim 1 883, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1902. The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



1903. The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 

20 hydrocarbons comprises multi-ring aromatics with more than two rings. 

1904. The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

25 

1905. The method of claim 1 883. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

30 1906. The method of claim 1 883. wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen. 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

1 907. The method of claim 1 883, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 908. The method of claim 1 883, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1909. The method of claim 1 883, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, w herein the controlled pressure 
is at least about 2.0 bar absolute. 



15 1910. The method of claim 1 883, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. 

1911. The method of claim 1910, wherein the partial pressure of H 2 within the mixture 
20 is measured when the mixture is at a production well. 

1912. The method of claim 1 883, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

25 

1913. The method of claim 1883. further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1914. The method of claim 1883. further comprising: 

30 providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section: and 
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heating a portion of the section with heat from hydrogenation. 

1915. The method of claim 1883. further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
5 hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

1916. The method of claim 1 883, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 

10 millidarcy. 

1917. The method of claim 1 883. wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



15 



1918. The method of claim 1 883, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



1919. The method of claim 1 883. wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 

20 the formation for each production well. 

1 920. The method of claim 1 883, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 

25 sources comprises a triangular pattern. 

1921 . The method of claim 1 883. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 

30 sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 
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1922. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to a selected section of the 
formation; 

5 allowing the heat to transfer from the one or more heat sources to the selected 

section of the formation to pyrolyze hydrocarbons within the selected section; 

wherein at least some hydrocarbons within the selected section have an initial 
atomic hydrogen to carbon ratio greater than about 0.70; 

wherein the initial atomic hydrogen to carbon ration is less than about 1 .65; and 
10 producing a mixture from the formation. 

1 923 . The method of claim 1 922, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons w ithin the selected section of the 

1 5 formation. 

1 924. The method of claim 1 922, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

20 1 925 . The method of claim 1 922, wherein the one or more heat sources comprise 
electrical heaters. 

1926. The method of claim 1922, wherein the one or more heat sources comprise 
surface burners. 

25 

1927. The method of claim 1922, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1928. The method of claim 1922. w herein the one or more heat sources comprise natural 
30 distributed combustors. 
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1 929. The method of claim 1 922. further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



1 930. The method of claim 1 922, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

10 1 93 1 . The method of claim 1 922, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (( V). and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
1 s wherein heating energy/day provided to the volume is equal to or less than Pw\ 

wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
20 °C/day. 

1932. The method of claim 1922, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

25 1 933. The method of claim 1 922, wherein providing heat from the one or more heat 

sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1934. The method of claim 1922, wherein the produced mixture comprises condensable 
30 hydrocarbons having an API gravity of at least about 25°. 
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,, )3 5 The me.hod ordain, 1922. .heroin ,he produced mixture comprise, condensable 
hydrocarbons, and wherein abou, 0.1 % by weigh, ,o abou, .5 % by weigh. .1 Ac 
condensable hydrocarbons are olefins. 

,936 The method of claim 1922. wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from abou. 0.001 to abou. 0.1 5. 

,937 The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less to about 1 « by weigh,, when ea,cu,a,ed on an a.omtc 
basis, of the condensable hydrocarbons is nitrogen. 

,938 The method of claim .922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weigh,, when calcula.ed on an atomtc 
basis, of the condensable hydrocarbons is oxygen. 

,939 The method of claim 1922. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than abou. I % by weigh,, when calcula.ed on an a.ormc 
basis, of the condensable hydrocarbons is sulfur. 

,940 The method of claim 1922. where,,, .he produced mix.ure comprises condensable 
hvdroearbons, where.n abou, 5 % by weigh, to abou, 30 % by weigh, of ,he condensable 
hydrocarbons compose oxygen containing compound, and wherein the oxygen 
containing compounds comprise phenols. 

,94, The method of claim ,922. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than abou, 20 % by weigh, of ,he condensable 

hydrocarbons are aromatic compounds. 
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1 942. The method of claim 1 922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

5 1943. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1944. The method of claim 1922, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 

condensable hydrocarbons are cycloalkanes. 

1945. The method of claim 1922, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 

, 5 wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

1 946. The method of claim 1 922, wherein the produced mixture comprises ammonia, 
20 and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1947. The method of claim 1922, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

25 1948. The method of claim 1922, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1949. The method of claim 1922. further comprising controlling formation conditions to 
30 produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 

about 0.5 bar. 
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1 950. The method of claim 1 949. wherein the partial pressure of H 2 within the mixture 
s measured when the mixture is at a production well. 



is 



5 1 95 1 . The method of claim 1 922, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1952. The method of claim 1922, further comprising controlling formation conditions 
10 by recirculating a portion of hydrogen from the mixture into the formation. 

1953. The method of claim 1922, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and 
1 5 heating a portion of the section with heat from hydrogenation. 

1954. The method of claim 1922, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
20 portion of the produced hydrogen. 

1955. The method of claim 1922, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 1 00 
millidarcy. 



30 



1 956. The method of claim 1 922, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1 957. The method of claim 1 922, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 
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1 958. The method ol" claim 1 922. wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1959. The method of claim 1922, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 960. The method of claim 1 922, further comprising providing heat from three or more 
heat sources to at least a portion oflhe formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1 96 1 . A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation; 

wherein the selected section has been selected for heating using an atomic oxygen 
to carbon ratio of at least a portion of hydrocarbons in the selected section, wherein at 
least a portion of the hydrocarbons in the selected section comprises an atomic oxygen to 
carbon ratio greater than about 0.025. and wherein the atomic oxygen to carbon ratio of at 
least a portion of the hydrocarbons in the selected section is less than about 0.15 and 

producing a mixture from the formation. 

1 962. The method of claim 1 96 1 . wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 
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1963. The method of claim 1961 . further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

5 1964. The method of claim 1961, wherein the one or more heat sources comprise 
electrical heaters. 

1965. The method of claim 1961, wherein the one or more heat sources comprise 
surface burners. 

10 

1966. The method of claim 1961, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1967. The method of claim 1961, wherein the one or more heat sources comprise natural 
1 5 distributed combustors. 

1968. The method of claim 1961, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 

20 a function of pressure. 

1969. The method of claim 1961, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 

pyrolysis. 

1970. The method of claim 1961, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume ( V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ). and wherein the heating 



py 



rolvzes at least some hydrocarbons within the selected volume of the formation: and 



495 



Conlcy. Rust & Ta>on. V C 



wherein heating energy/day provided to the volume is equal to or less than /V, 
wherein Pwr is calculated by the equation: 
Pwr h*V*C v *p K 

wherein /Vr is the heating energy/day, h is an average heating rate of the 
formation, Pll is formation bulk density, and where* the heating rate is less than about 10 
°C/day. 

,971. The method of claim 1961. wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

X9V The method of claim 1961. wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

I5 1973. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

,974 The method of claim 1961 . wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 1 5 % by weight ot the 
20 condensable hydrocarbons are olefins. 



10 



,975 The method of claim 1961. wherein the produced rmx.ure compnses non- 
condensabk hydrocarbon, and wherein a molar ratio of ethene ,„ ethane in the non- 

cone 



Reusable hydrocarbons ranges from about 0.001 to about 0.1 5. 



,976 The method of claim 1961. wherein the produced mixture compnses condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atom, 
basis, of the condensable hydrocarbons is nitrogen. 
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,977 The method of claim 1%!. -herein the produced mixture comprises condensable 
hydrocarbon, and whorcm ,es S than abou, . % by weigh,, when ca,cula,ed on an atomrc 
basis, ol' the condensable hydrocarbons is oxygen. 

, ,978 The method olclaim 1*61 . wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weigh,, when ca.culated on an atomte 
basis, of the condensable hydrocarbons is sulfur. 

,970 The method of claim 1961. wherein the produced mixture comprises condensable 
,„ hydrocarbon, wherein about 5 % by weight to about 30 % by weigh, of the condensable 
hydrocarbons comprise oxygen confining compounds, and wherein the oxygen 
containing compounds comprise phenols. 

,980 The method of claim 1961. wherein ,he produced mixture comprises condensable 
,5 hydrocarbons, and wherein greater than about 20 % by weigh, of the condensable 

hydrocarbons are aromatic compounds. 

,981 The method of claim 1961. wherein the produced mixture composes condensable 
hydrocarbon, and wherein less ,han abou, 5 % by werght of the condensable 
20 hydrocarbons comprises multi-ring aromatics with more than two rmgs. 

, 982 The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than abou, 0.3 % by weight of the condensable 

hydrocarbons are asphaltenes. 

,983 The method of claim ,961. wherein ,he produced mixture comprises condensable 
hydrocarbon, and wherein abou, 5 % by weigh, to abou, 30 % by weigh, of the 
condensable hydrocarbons are cycloalkanes. 

■„ 1984 The method of claim 1961. wherein , he produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hy drogen. 
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herein *» hydrogen is ^ U»« .0 % »> ™lumc of*e n„n-c„„de„sab,c 
component, unci wherein the hydrogen is less than about 80 % by volume „ .he no,,- 

condensable component. 

5 1985 The method of claim ,%.. wherein , he produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammon.a. 

198 6. The method of claim 1961. wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



,987 The method of claim 1961 . further comprising controlling a pressure within a, 

least a majonty of the selected section of.he format.on. wherein the controlled pressure 

is at least about 2.0 bar absolute. 
„ ,988 The method of claim ,96,,fur,hercompris,n g co„,r„l.ingforma,i„nco n di,i„ns«o 
" produce the mixture, wherein a partial pressure of H 2 wtthin the mixture is greater than 

about 0.5 bar. 

,989. The method of claim .988. wheretn the partial pressure of H ; within the mixture 
20 is measured when the mixture is at a production well. 

,990 The method of claim 1961, further comprising altering a pressure within the 
formation to tnhib,, production of hydrocarbons from the formation having carbon 

numbers greater than about 25. 

25 „9, The method of claim .96, . further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formafon. 

!<»-> The method of claim 1961. further comprising: 
30 " providing hydrogen <H 2 > to the heated section to hydrogenate hydrocarbons 

within the section; and 
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heating a portion of the section with heat from hydrogenation. 

1993. The method of claim 1961. further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
5 hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

1994. The method of claim 1961. wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 

10 millidarcy. 

1995. The method of claim 1961 . wherein allowing the heat to transfer further 
comprises substantially uniformly increasing a permeability of a majority of the selected 
section. 

1996. The method of claim 1961, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1997 The method of claim 1 96 1 , wherein producing the mixture comprises producing 
20 the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1998. The method of claim 1961. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

25 sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1999. The method of claim 1961. further comprising prov iding heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 



30 



sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
ox er an area of the formation to form a repetitive pattern of units. 

2000. A method of treating a coal formation in situ, comprising 
5 providing heat from one or more heat sources to a selected section of the* 

formation: 

allowing the heat to transfer from the one or more heat sources to the selected 
section of the formation to pyrolyze hydrocarbons within the selected section; 

wherein at least some hydrocarbons within the selected section have an initial 
10 atomic oxygen to carbon ratio greater than about 0.025: 

wherein the initial atomic oxygen to carbon ratio is less than about 0.15: and 
producing a mixture from the formation. 

2001. The method of claim 2000, wherein the one or more heat sources comprise at 
, 5 least two heat sources, and wherein superposition of heat from at least the two heat 

sources pyrolyzes at least some hy drocarbons within the selected section of the 
formation. 

2002. The method of claim 2000, further comprising maintaining a temperature within 
20 the selected section within a pyrolysis temperature range. 

2003. The method of claim 2000. wherein the one or more heat sources comprise 
electrical heaters. 

25 2 0 04. The method of claim 2000. wherein the one or more heat sources comprise 
surface burners. 

2005. The method of claim 2000. wherein the one or more heat sources comprise 
llameless distributed combustors. 
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2006. The method oi'elaim 
distributed combustors. 



2000. wherein the one or more heat sources comprise natural 



,007 The method of claim 2000. further comprising controlling a pressure and a 
, temperature within at least a majority of the selected section of the formation, wherem 
the pressure is controlled as a function of temperature, or the temperature is controlled as 

a function of pressure. 

,008 The method of claim 2000. further comprising controlling the hea, such ,ha, an 
0 average heating rate of the seiected section is less ,han abou, , -C per day durmg 

pyrolysis. 

2009. The method of claim 2000. wherein providing h=a« from ,he one or more hea, 
sources to at least the portion of formation comprises: 

heating a selected volume (!) of the coal formation from the one or more hea, 
sources, wherein the formation has an average hea. capacity ,tV,. and wherein the heatmg 
pvr0 , W es a, leas, some hydrocarbons within ,he selected volume of the formatton; and 
' ' wherein heating energy/day provided ,„ the volume is equal to or less ,han Fur. 
wherein Pwr is calculated by the equation: 

,„ Pwr = h*V*C*i), 

wherein Pwr is the heating energy/day. h is an average heating rate of the 
formaho, „ is formauon Mk density, and wherein ,he heating ra.e is less man about 1 

°C/day. 

25 2010. The method of claim 2000. wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

,()! 1 The method of claim 2000. wherein providing heat from the one or more heat 
Purees comprises heating the selected section such that a thermal conductivity or at least 
30 a portion of the selected section is greater than about 0.5 W/(m °C ). 
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2012. The method of claim 2000. wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

201 3. The method of claim 2000, wherein the produced mixture comprises condensable 
5 hydrocarbons, and wherein about 0.1 % by weight to about 1 5 % by weight of the 

condensable hydrocarbons are olefins. 

2014. The method of claim 2000, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
10 condensable hydrocarbons ranges from about 0.001 to about 0.1 5. 

201 5. The method of claim 2000. where... the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

15 

2016. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about I % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

20 20 1 7. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

2018. The method of claim 2000. wherein the produced mixture comprises condensable 
25 hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

2019. The method of claim 2000. w herein the produced mixture comprises condensable 
30 hydrocarbons, and wherein greater than about 20 % by w eight of the condensable 

hydrocarbons are aromatic compounds. 
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2020. The method of claim 2000. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

202 1 . The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

9»)22 The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

2023 The method of claim 2000, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume ot the non- 

condensable component. 



20 



2024 The method of claim 2000, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



2025. The method of claim 2000, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

-XP6 The method of claim 2000. further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 
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2027. The method of claim 2000. further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of 1 1 2 within the mixture is greater than 
about 0.5 bar. 

5 2028. The method of claim 2027. wherein the partial pressure of H 2 within the mixture- 
is measured when the mixture is at a production well. 

2029. The method of claim 2000. further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 

10 numbers greater than about 25. 

2030. The method of claim 2000. further comprising controlling formation conditions 
bv recirculating a portion of hydrogen from the mixture into the formation. 



15 
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203 1 . The method of claim 2000, further comprising: 
providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

2032. The method of claim 2000, further comprising: 
producing hydrogen and condensable hydrocarbons from the formation: and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

25 2033. The method of claim 2000. wherein allowing the heat to transfer comprises 

increasing a permeability of a majority of the selected section to greater than about 1 00 
millidarcv. 

2034. The method of claim 2000. wherein allowing the heat to transfer further 
30 comprises substantially uniformly increasing a permeability of a majority of the selected 

section. 
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W The method of claim 2000. further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

5 2036 The method of claim 2000. wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed ,n 
the formation for each production well. 

.037 The method of claim 2000, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



10 
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more 
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2038 The method of claim 2000, further comprising providing heat from three or 
heat sources to at least a portion of the formation, w herein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2039. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation; 

wherein the selected section has been selected for heating using a moisture 
content in the selected section, and wherein at least a portion of the selected section 
comprises a moisture content of less than about 1 5%: and 

producing a mixture from the formation. 

9040. The method of claim 2039. wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
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sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

2041 . The method of claim 2039. further comprising maintaining a temperature within 
5 the selected section within a pyrolysis temperature range. 

2042. The method of claim 2039, wherein the one or more heat sources comprise 
electrical heaters. 

, 0 2043. The method of claim 2039, whereon the one or more heat sources comprise 
surface burners. 

2044. The method of claim 2039. wherein the one or more heat sources comprise 
flameless distributed combustors. 

2045. The method of claim 2039. wherein the one or more heat sources comprise natural 
distributed combustors. 

2046 The method of claim 2039, further comprising controlling a pressure and a 
,0 temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 

a function of pressure. 

^(,47 The method of claim 20?0. further comprise controlling the heat such that an 
25 average heating rate of -he selected section is less than about 1 °C per day during 

pyrolysis. 

2048. The method of claim 2039. wherein prov iding heat from the one or more heat 
sources to at least the portion of formation comprises: 
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hoatmo a selected volume ( I ') of the coal formation from the one or more heat 
sourcC s wherein the formation has an average heat capacity « V). and wherein the hcaUng 
pyrolwcs at least some hydrocarbons within the selected volume of the formats; and 
' wherein heating energy/day provided to the volume is equal to or less than P,r. 
wherein Pwr is calculated by the equation: 
Pwr -- h*V*C v *i)H 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, Pa is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. 

2049. The method of claim 2039. wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2050 The method of claim 2039, wherein providing heat from the one or more heat 
sources comprises heattng the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

205 1 . The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

^ The method of claim 2039. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 

, 5 -W3 The method of claim 2039, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

The method of claim 2039. wherein the produced mixture comprises condensable 
30 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



20 



507 



Conlcy Rosc& Taynn. (' C 



10 



2055. The method ofclaim 2039. wherein the produeed mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2056. The method ofclaim 2039. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

2057. The method of claim 2039. wherein the produced mixture comprises condensable 
hy drocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

,5 2058. The method ofclaim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and w herein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

2059. The method ofclaim 2039, wherein the produced mixture comprises condensable 
20 hy drocarbons, and wherein less than about 5 % by weight of the condensable 

hydrocarbons comprises multi-ring aromatics with more than two rings. 

2060. The method ofclaim 2039. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by w eight of the condensable 

25 hydrocarbons are asphaltenes. 

2061 . The method ofclaim 2039. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

30 
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2062. The method ofclaim 2039. wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 

5 condensable component. 

2063. The method ofclaim 2039, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

,0 2064. The method ofclaim 2039. wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2065. The method ofclaim 2039, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 

15 is at least about 2.0 bar absolute. 

2066. The method of claim 2039, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. 



20 



2067. The method of claim 2066. wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 

2068. The method ofclaim 2039. further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

2069. The method of claim 2039. further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

2070. The method of claim 2039. further comprising: 
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providing hydrogen <I1 : ) to the heated section to hydrogenate hydrocarbons 

within the section: and 

heating a portion of the section with heat from hydrogenation. 

2071. The method of claim 2039, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hy drocarbons with at least a 
portion of the produced hydrogen. 

2072. The method of claim 2039, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

2073. The method of claim 2039, wherein allowing the heat to transfer further 
comprises substantially uniformly increasing a permeability of a majority of the selected 

section. 

2074. The method of claim 2039, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2075. The method of claim 2039. wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

2076. The method of claim 2039, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2077. The method of claim 2039. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
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sources arc located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

5 2078. A method of treating a coal formation in situ, comprising; 

providing heat from one or more heat sources to a selected section of the 

formation; 

allowing the heat to transfer from the one or more heat sources to the selected 

section of the formation; 
10 wherein at least a portion of the selected section has an initial moisture content of 

less than about 1 5%: and 

producing a mixture from the formation. 

2079. The method of claim 2078, wherein the one or more heat sources comprise at 
l s least two heat sources, and wherein superposition of heat from at least the two heat 

sources pyrolyzes at least some hydrocarbons within the selected section of the 

formation. 

2080. The method of claim 2078, further comprising maintaining a temperature within 
20 the selected section within a pyrolysis temperature range. 

2081 . The method of claim 2078, wherein the one or more heat sources comprise 
electrical heaters. 

25 2082. The method of claim 2078. wherein the one or more heat sources comprise 
surface burners. 

2083. The method of claim 2078. wherein the one or more heat sources comprise 
flameless distributed combustors. 

30 
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2084. The method of claim 2078. wherein the one or more heat sourees comprise natural 
distributed eombustors. 

9()85 The method of claim 2078. further comprising controlling a pressure and a 
, temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

2086. The method of claim 2078, further comprising controlling the heat such that an 
10 average heating rate of the selected section is less than about 1 «C per day during 

pyrolysis. 

2087. The method of claim 2078. wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (F) of the coal formation from the one or more heat 
sources, wherein the formation has. an average heat capacity (C v ). and wherein the heating 
P vroKv.es at least some hydrocarbons within the selected volume of the formation; and 
" wherein heating energy/day provided to the volume is equal to or less than Pur. 
wherein Pwr is calculated by the equation: 

20 Pwr = h*V*C*p H 

wherein Pwr is the heating energy/day. h is an average heating rate of the 
formation. p B is formation bulk density, and wherein the heating rate is less than about 10 

°C/day. 

25 2088. The method of claim 2078. wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

->08o The method of claim 2078. wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
30 a portion of the selected section is greater than about 0.5 W/(m °C). 
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2090. The method of claim 2078. wherein the produced mixture comprises condensable 
hydrocarbons having an API grav ity of at least about 25°. 

2091 . The method of claim 2078. wherein the produced mixture comprises condensable 
5 hydrocarbons, and wherein about 0.1% by weight to about 1 5 % by weight of the 

condensable hydrocarbons are olefins. 

2092. The method of claim 2078, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 

10 condensable hydrocarbons ranges from about 0.001 to about 0.1 5. 

2093. The method of claim 2078. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

2094. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxy gen. 

2095. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

2096. The method of claim 2078. wherein the produced mixture comprises condensable 
25 hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

2097. The method of claim 2078. wherein the produced mixture comprises condensable 
30 hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

hydrocarbons are aromatic compounds. 
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2098. The method of claim 2078. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

2099. The method of claim 2078. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

2100. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

2101 . The method of claim 2078, ; whercin the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

2102. The method of claim 2078, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

2103. The method of claim 2078, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2 1 04. The method of claim 2078. further comprising controlling a pressure w ithin at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 
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2105. The method of claim 2078. f urther comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of 1 1 2 within the mixture is greater than 
about 0.5 bar. 

2 1 06. The method of claim 2 1 05, wherein the partial pressure of 1 1 2 within the mixture 
is measured when the mixture is at a production well. 

2107. The method of claim 2078, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

2108. The method of claim 2078, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

2109. The method of claim 2078, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

2110. The method of claim 2078, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

2111. The method of claim 2078. wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 1 00 
millidarcy. 

2112. The method of claim 2078. wherein allow ing the heat to transfer further 
comprises substantially uniformly increasing a permeability of a majority of the selected 

section. 
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2113. The method of claim 2078. further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2114. The method of claim 2078. wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

2115. The method of claim 2078, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

21 16. The method of claim 2078, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2117. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation: 

allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation; 

wherein the selected section is heated in a reducing environment during at least a 
portion of the time that the selected section is being heated; and 

producing a mixture from the formation. 

2118. The method of claim 2117. wherein the one or more heat sources comprise at 
least tw o heat sources, and wherein superposition of heat from at least the tw o heat 
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2119. The method of claim 2117. further comprising maintaining a temperature within 
5 the selected section within a pyrolysis temperature range. 

2120. The method of claim 2117, wherein the one or more heat sources comprise 
electrical heaters. 

10 2121. The method of claim 2 1 1 7. wherein the one or more heat sources comprise 
surface burners. 

2122. The method of claim 2117, wherein the one or more heat sources comprise 
flameless distributed combustors. 

2123. The method of claim 2117, wherein the one or more heat sources comprise natural 
distributed combustors. 

2124. The method of claim 2117, further comprising controlling a pressure and a 

20 temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

2125. The method of claim 2117, further comprising controlling the heat such that an 
25 average heating rate of the selected section is less than about 1 °C per day during 

pyrolysis. 

2126. The method of claim 2117, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 
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heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity ((\). and wherein the heating 
pyroly/es at least some hy drocarbons within the selected volume of the f ormation; and 

wherein heating energy/day provided to the volume is equal to or less than Air. 
wherein Pwr is calculated by the equation: 

Pwr ^ h*V*t\*p„ 

wherein Pwr is the heating energy/day. h is an average heating rate of the 
formation. p„ is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. 

21 27. The method of claim 2117, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2128. The method of claim 21 17, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

21 29. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2130. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

2131. The method of claim 2117, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

2 1 32. The method of claim 2117. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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2133. The method of claim 2117. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2134. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

2135. The method of claim 2117. wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

21 36. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

2137. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

2138. The method of claim 21 17, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by w eight of the condensable 
hydrocarbons are asphaltenes. 

2 1 39. The method of claim 2117. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 
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2 1 40. The method of claim 2117. wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



2141 The method of claim 2117, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

10 2 1 42. The method of claim 2117. wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2143. The method of claim 2117, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 

15 is at least about 2.0 bar absolute. 

2 1 44. The method of claim 2117, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. 

20 

2145. The method of claim 2 1 44, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 

2 1 46. The method of claim 2117. further comprising altering a pressure within the 
25 formation to inhibit production of hydrocarbons from the formation having carbon 

numbers greater than about 25. 

2147. The method of claim 2117. further comprising controlling formation conditions 
bv recirculating a portion of hydrogen from the mixture into the formation. 



30 



2148. The method of claim 21 17. further comprising: 
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providing hydrogen (H 2 ) lo the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

2149. The method of claim 2117, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

21 50. The method of claim 2117, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

2151. The method of claim 2117, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

2152. The method of claim 2117, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2153. The method of claim 2117, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

2154. The method of claim 2117, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2155. The method of claim 2117. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2156. A method of treating a coal formation in situ, comprising: 

heating a first section of the formation to produce a mixture from the formation; 
heating a second section of the formation; and 

recirculating a portion of the produced mixture from the first section into the 
second section of the formation to provide a reducing environment within the second 

section of the formation. 

2157. The method of claim 21 56. further comprising maintaining a temperature within 
the first section or the second section within a pyrolysis temperature range. 

2158. The method of claim 2156, wherein heating the first or the second section 
1 5 comprises heating with an electrical heater. 

2159. The method of claim 2156. wherein heating the first or the second section 
comprises heating with a surface burner. 

20 2160. The method of claim 2156, wherein heating the first or the second section 
comprises heating with a flameless distributed combustor. 

2161 . The method of claim 21 56, wherein heating the first or the second section 
comprises heating with a natural distributed combustor. 



2.1 



2162. The method of claim 2156. further comprising controlling a pressure and a 
temperature within at least a majority of the first or second section of the formation, 
wherein the pressure is controlled as a function of temperature, or the temperature >s 

controlled as a function of pressure. 
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n 1 63 The method of claim 2 1 56. further comprising controlling the heat such that an 
average heating rate of the first or the second section is less than about 1 °C per day 

during pyrolysis. 

5 2164. The method of claim 2156. wherein heating the first or the second section 

comprises: 

heating a selected volume (V) of the coal formation from one or more heat 
sources wherein the formation has an average heat capacity <C), and wherein the heating 
pvrolv.es at least some hydrocarbons within the selected volume of the formation; and 
0 ' wherein heating energy/day provided to the volume is equal to or less than /*r. 
wherein Pwr is calculated by the equation: 
Pwr - h*V*C\*p H 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p, is formation bulk density, and wherein the heating rate is less than about 1 0 

15 °C/day. 

2165. The method of claim 21 56. wherein heating the first or the second section 
comprises transferring heat substantially by conduction. 



20 



0166 The method of claim 2156. wherein heating the first or the second section 
comprises heating the first or the second section such that a thermal conductivity of at 
least a portion of the first or the second section is greater than about 0.5 W/(m °C). 

2167. The method of claim 2156. wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

,168 The method of claim 2156. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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2169. The method of claim 2156. wherein the produced mixture comprises 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

2170. The method of claim 2156. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

7171. The method of claim 21 56. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2172. The method of claim 2156. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
i 5 basis, of the condensable hydrocarbons is sulfur. 

o 1 73 The method of claim 2156. wherein the produced mixture comprises condensable 
hvdrocarbons. wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
20 containing compounds comprise phenols. 

2 1 74. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and w herein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



2175. The method of claim 21 56. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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2176. The method of claim 2 1 56. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

2177. The method of claim 21 56. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

2178. The method of claim 2156, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

2179. The method of claim 2156, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

2180. The method of claim 2156, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2181. The method of claim 2156. further comprising controlling a pressure within at 
least a majority of the first or second section of the formation, wherein the controlled 
pressure is at least about 2.0 bar absolute. 

2182. The method of claim 2156, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of Ih within the mixture is greater than 

about 0.5 bar. 

2183. The method of claim 2182. wherein the partial pressure of H 2 within the mixture 
30 is measured when the mixture is at a production well. 
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2 1 84. The method of claim 2 1 56. further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation hav ing carbon 
numbers greater than about 25. 

21 85. The method of claim 21 56, further comprising; 
providing hydrogen (H 2 ) to the first or second section to hydrogenate 

hydrocarbons within the first or second section; and 

heating a portion of the first or second section with heat from hydrogenation. 

/ 

21 86. The method of claim 21 56, further comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

2187. The method of claim 2156, wherein heating the first or the second section 
comprises increasing a permeability of a majority of the first or the second section to 
greater than about 100 millidarcy. 

2 1 88. The method of claim 2 156, wherein heating the first or the second section 

20 comprises substantially uniformly increasing a permeability of a majority of the first or 
the second section. 

2189. The method of claim 2156, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

25 

2 1 90. The method of claim 2 1 56. wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

30 2191. The method of claim 2 1 56. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
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sources arc located in the formation in a unit of heat sources, and wherein the unit of heal 
sources comprises a triangular pattern. 

2 1 92. The method of claim 2156, further comprising providing heat from three or more 
5 heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

10 2193. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation: and 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that a permeability of at least a portion of the selected 
1 5 section increases to greater than about 1 00 millidarcy. 

2194. The method of claim 2193, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 

20 formation, 

2195. The method of claim 2193, further comprising maintaining a temperature w ithin 
the selected section within a pyrolysis temperature range. 

25 2196. The method of claim 2193, w herein the one or more heat sources comprise 
electrical heaters. 

2197. T he method of claim 2193, wherein the one or more heat sources comprise 
surface burners. 

30 
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2198. The method of claim 2193. wherein the one or more heat sources comprise 
flameless distributed combustors. 

21 99. The method of claim 21 93. wherein the one or more heat sources comprise natural 
5 distributed combustors. 

2200. The method of claim 2193, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 

1 0 a function of pressure. 

2201. The method of claim 2193. further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

15 

2202. The method of claim 2193, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume ( V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
20 pyrolyzes at least some hydrocarbons w ithin the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p H 

wherein Pwr is the heating energy/day. h is an average heating rate of the 
25 formation, p R is formation bulk density, and wherein the heating rate is less than about 10 

°C/day. 

2203. The method of claim 2193, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

30 
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2204. The method of claim 21 ( >3. wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

5 2205. The method of claim 2 1 93, further comprising producing a mixture from the 

formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 

2206. The method of claim 2193, further comprising producing a mixture from the 
10 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 

2207. The method of claim 21 93, further comprising producing a mixture from the 

15 formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 

2208. The method of claim 2193, further comprising producing a mixture from the 
20 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein less than about 1 % by weight, w hen calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

2209. The method of claim 21 ( >3, further comprising producing a mixture from the 
25 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

2210. The method of claim 2193, further comprising producing a mixture from the 
30 formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

221 1 . The method of claim 2193, further comprising producing a mixture from the 
5 formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by w eight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 

10 2212. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
w herein greater than about 20 % by w eight of the condensable hydrocarbons are aromatic 
compounds. 

15 221 3. The method of claim 21 93, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

20 2214. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. 

25 2215. The method of claim 21 93, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by w eight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 

30 2216. The method of claim 2193. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component. 



530 



Conlcv. Rose & Tavon. P C 




wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

5 221 7. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2218. The method of claim 2193, further comprising producing a mixture from the 

10 formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 

2219. The method of claim 2193, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 

15 is at least about 2.0 bar absolute. 

2220. The method of claim 2193, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of 1 1 2 within the mixture 
is greater than about 0.5 bar. 

20 

222 1 . The method of claim 2220, further comprising producing a mixture from the 
formation, wherein the partial pressure of H 2 within the mixture is measured when the 
mixture is at a production well. 

25 2222. The method of claim 2193, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

2223. The method of claim 2193. further comprising producing a mixture from the 
30 formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 
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2224. The method of claim 2193. further comprising: 

providing hydrogen (11 2 ) to the heated section to hydrogenate hydrocarbons 

within the section: and 

heating a portion of the section with heat from hydrogenation. 

2225. The method of claim 2193, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

2226. The method of claim 2193. further comprising increasing a permeability of a 
majority of the selected section to greater than about 5 Darcy. 

2227. The method of claim 2193, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

2228. The method of claim 2193, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2229. The method of claim 2193. further comprising producing a mixture in a 
production well, wherein at least about 7 heat sources are disposed in the formation for 
each production well. 

2230. The method of claim 2193, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

223 1 . The method of claim 2 1 93. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, w herein three or more of the heat 
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sources are located in the formation in a unit of heat sources, wherein the unit ot heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

5 2232. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation: and 

allowing the heat to transfer from the one 0r more heat sources to a selected 
section of the formation such that a permeability of a majority of at least a portion of the 
10 selected section increases substantially uniformly. 

2233. The method of claim 2232, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 

15 formation. 

2234. The method of claim 2232, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

20 2235. The method of claim 2232, wherein the one or more heat sources comprise 
electrical heaters. 

2236. The method of claim 2232, wherein the one or more heat sources comprise 
surface burners. 

25 

2237. The method of claim 2232, wherein the one or more heat sources comprise 
flameless distributed combustors. 

2238. The method of claim 2232, wherein the one or more heat sources comprise natural 
30 distributed combustors. 
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2239. The method of claim 2232, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

5 

2240. The method of claim 2232, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

10 2241 . The method of claim 2232, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (I 7 ) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
15 wherein heating energy/day provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p H 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
20 °C/day. 

2242. The method of claim 2232, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

25 2243. The method of claim 2232, wherein providing heat from the one or more heat 

sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

2244. The method of claim 2232. further comprising producing a mixture from the 
30 formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 
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2245. The method of claim 2232. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 

5 are olefins. 

2246. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 

10 from about 0.001 to about 0,15. 

2247. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 

15 condensable hydrocarbons is nitrogen. 

2248. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 

20 condensable hydrocarbons is oxygen. 

2249. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 

25 condensable hydrocarbons is sulfur. 

2250. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 

30 oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 
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2251. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 

5 compounds. 

2252. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hy drocarbons comprises multi- 

10 ring aromatics with more than two rings. 

2253. The method of claim 2232. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
w herein less than about 0.3 % by weight of the condensable hydrocarbons are 

15 asphaltenes. 

2254. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 

w herein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
20 are cycloalkanes. 

2255. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 

25 greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

2256. The method of claim 2232. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 

30 about 0.05 % by weight of the produced mixture is ammonia. 
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2257. The method of claim 2232. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 

5 2258. The method of claim 2232, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

2259. The method of claim 2232, further comprising controlling formation conditions to 
10 produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 

is greater than about 0.5 bar. 

2260. The method of claim 2232. further comprising producing a mixture from the 
formation, wherein the partial pressure of H? within the mixture is measured when the 

15 mixture is at a production well. 

2261. The method of claim 2232, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

20 

2262. The method of claim 2232. further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 

25 2263. The method of claim 2232. further comprising: 

providing hydrogen (lb) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section w ith heat from hydrogenation. 

30 2264. The method of claim 2232. further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
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hvdrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

2265. The method of claim 2232, wherein allowing the heat to transfer comprises 

5 increasing a permeability of a majority of the selected Section to greater than about 100 
millidarcy. 

2266. The method of claim 2232, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

10 

2267. The method of claim 2232, further comprising producing a mixture in a 
production well, wherein at least about 7 heat sources are disposed in the formation for 
each production well. 

1 5 2268. The method of claim 2232, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

20 2269. The method of claim 2232, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, w herein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

25 

2270. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation: and 

allowing the heat to transfer from the one or more heat sources to a selected 
30 section of the formation such that a porosity of a majority of at least a portion of the 
selected section increases substantially uniformly. 
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2271 . The method of claim 2270, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons w ithin the selected section of the 

5 formation. 

2272. The method of claim 2270. further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

10 2273. The method of claim 2270, wherein the one or more heat sources comprise 
electrical heaters. 

2274. The method of claim 2270, wherein the one or more heat sources comprise 
surface burners. 

15 

2275. The method of claim 2270, wherein the one or more heat sources comprise 
llameless distributed combustors. 

2276. The method of claim 2270, wherein the one or more heat sources comprise natural 
20 distributed combustors. 

2277. The method of claim 2270, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 

25 a function of pressure. 

2278. The method of claim 2270, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 
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2279. The method of claim 2270, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume ( V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (( V). and wherein the heating 
5 pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than P\vt\ 
wherein Pwr is calculated by the equation: 

Pwr ~ h*V*C\*p H 

wherein Pwr is the heating energy/day/ A is an average heating rate of the 
10 formation. p H is formation bulk density, and wherein the heating rate is less than about 10 
°C7day. 

2280. The method of claim 2270. wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

15 

2281 . The method of claim 2270, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

20 2282. The method of claim 2270, further comprising producing a mixture from the 

formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 

2283. The method of claim 2270, further comprising producing a mixture from the 
25 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 

2284. The method of claim 2270. further comprising producing a mixture from the 

30 formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
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wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 

2285. The method of claim 2270, further comprising producing a mixture from the 
5 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

2286. The method of claim 2270, further comprising producing a mixture from the 
10 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

2287. The method of claim 2270, further comprising producing a mixture from the 
15 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein less than about 1 % by weighty when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

2288. The method of claim 2270, further comprising producing a mixture from the 

20 formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 

25 2289. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 

30 2290. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

2291 . The method of claim 2270, further comprising producing a mixture from the 
5 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. 

2292. The method of claim 2270, further comprising producing a mixture from the 
10 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cvcloalkanes. 



2293. The method of claim 2270, further comprising producing a mixture from the 
1 5 formation, wherein the produced mixture comprises a non-condensable component, 

wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

20 2294. The method of claim 2270, further comprising producing a mixture from the 

formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2295. The method of claim 2270, further comprising producing a mixture from the 

25 formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 

2296. The method of claim 2270, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, w herein the controlled pressure 

30 is at least about 2.0 bar absolute. 
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2297. The method of claim 2270. further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of 1 h within the mixture 
is greater than about 0.5 bar. 

5 2298. The method of claim 2193. further comprising producing a mixture from the 
formation, wherein the partial pressure of M 2 within the mixture is measured when the 
mixture is at a production well. 

2299. The method of claim 2193, further comprising altering a pressure within the 
10 formation to inhibit production of hydrocarbons from the formation having carbon 

numbers greater than about 25. 

2300. The method of claim 2193, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 

1 5 from the mixture into the formation. 

230 1 . The method of claim 2270, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and 
20 heating a portion of the section with heat from hydrogenation. 

2302. The method of claim 2270, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
25 portion of the produced hydrogen. 

2303 . The method of claim 2270. wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

30 
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2304. The method of claim 2270, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

2305. The method of claim 2270, further comprising controlling the heat to yield greater 
5 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2306. The method of claim 2270. further comprising producing a mixture in a 
production well, and wherein at least about 7 heat sources are disposed in the formation 
for each production well. 

10 

2307. The method of claim 2270, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, w herein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

15 

2308. The method of claim 2270, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, w herein three or more of the heat 
sources are located in the formation in a unit of heat sources, w herein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

20 over an area of the formation to form a repetitive pattern of units. 

2309. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation: 

25 allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation: and 

controlling the heat to yield at least about 15 % by w eight of a total organic 
carbon content of at least some of the coal formation into condensable hydrocarbons. 

30 2310. The method of claim 2309. wherein the one or more heat sources comprise at 
least tw o heat sources, and wherein superposition of heat from at least the two heat 
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:es pyroly/cs at least some hydrocarbons within the selected section of the 



formation. 



2311. The method of claim 2309, further comprising maintaining a temperature within 
5 the selected section within a pyrolysis temperature range. 

23 1 2. The method of claim 2309, wherein the one or more heat sources comprise 
electrical heaters. 

10 23 1 3. The method of claim 2309. wherein the one or more heat sources comprise 
surface burners. 

2314. The method of claim 2309, wherein the one or more heat sources comprise 
flameless distributed combustors. 

15 

23 1 5. The method of claim 2309, wherein the one or more heat sources comprise natural 
distributed combustors. 

23 1 6. The method of claim 2309, further comprising controlling a pressure and a 

20 temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

23 1 7. The method of claim 2309. further comprising controlling the heat such that an 
25 average heating rate of the selected section is less than about 1 °C per day during 



23 1 8. The method of claim 2309. wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 



pyrolysis. 
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heating a selected volume ( T) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (( \ ). and wherein the heating 
pyroly/es at least some hydrocarbons w ithin the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Air, 
5 wherein Pwr is calculated by the equation: 

Pwr ^h*V*C v *p R 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p H is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

10 

2319. The method of claim 2309, wherein allow ing the heat to transfer comprises 
transferring heat substantially by conduction. 

2320. The method of claim 2309, wherein providing heat from the one or more heat 

1 5 sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

2321 . The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 

20 API gravity of at least about 25°. 

2322. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 

25 are olefins. 

2323. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 

30 from about 0.001 to about 0.15. 
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2324. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

5 

2325. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by \* eight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

10 

2326. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

15 

2327. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by w eight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 

20 phenols. 

2328. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 

25 compounds. 

2329. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hy drocarbons comprises multi- 

30 ring aromatics with more than two rings. 



547 



Conley Rose & Tayon. P C 




2330. The method of claim 2309. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. 

5 

2331. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 

10 

2332. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 

15 hydrogen is less than about 80 % by volume of the non-condensable component. 

2333. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

20 

2334. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 

25 2335. The method of claim 2309, further comprising controlling a pressure w ithin at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

2336. The method of claim 2309, further comprising controlling formation conditions to 
30 produce a mixture from the formation, wherein a partial pressure of H 2 within the mixture 
is greater than about 0.5 bar. 
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2337. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the partial pressure oflh within the mixture is measured when the 
mixture is at a production well. 

2338. The method of claim 2309, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

10 2339. The method of claim 2309, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 

2340. The method of claim 2309, further comprising: 

1 5 providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

2341 . The method of claim 2309, further comprising: 

20 producing hydrogen and condensable hydrocarbons from the formation; and 

hydrogenating a portion of the produced condensable hydrocarbons w ith at least a 
portion of the produced hydrogen. 

2342. The method of claim 2309, wherein allow ing the heat to transfer comprises 

25 increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

2343. The method of claim 2309. wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

30 
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2344. The method of claim 2309. wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2345. The method of claim 2309, further comprising producing a mixture in a 

5 production well, and wherein at least about 7 heat sources are disposed in the formation 
for each production well. 

2346. The method of claim 2309, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

10 sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2347. The method of claim 2309, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

1 5 sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2348. A method of treating a coal formation in situ, comprising: 

20 providing heat from one or more heat sources to at least a portion of the 

formation: 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and 

controlling the heat to yield greater than about 60 % by weight of condensable 
25 hydrocarbons, as measured by Fischer Assay. 

2349. The method of claim 2348, wherein the one or more heat sources comprise at 
least two heat sources, and w herein superposition of heat from at least the tw o heat 
sources pyrolyzes at least some hydrocarbons w ithin the selected section of the 

30 formation. 
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2350. The method of claim 2348, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

235 1 . The method of claim 2348, wherein the one or more heat sources comprise 
5 electrical heaters. 

2352. The method of claim 2348, wherein the one or more heat sources comprise 
surface burners. 

10 2353. The method of claim 2348, wherein the one or more heat sources comprise 
flameless distributed combustors. 

2354. The method of claim 2348, wherein the one or more heat sources comprise natural 
distributed combustors. , 

15 

2355. The method of claim 2348, further comprising controlling a pressure and a 
temperature w ithin at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

20 

2356. The method of claim 2348. further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

25 2357. The method of claim 2348, wherein providing heat from the one or more heat 

sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 

sources, wherein the formation has an average heat capacity (C\.), and wherein the heating 

pyrolyzes at least some hydrocarbons within the selected volume of the formation: and 
30 wherein heating energy/day provided to the volume is equal to or less than Air. 

wherein Air is calculated by the equation: 
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/>HT h*l'*(\-%< 

wherein Pwr is the heating energy May. // is an average heating rate of the 
formation, />„ is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

5 

2358. The method of claim 2348, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2359. The method of claim 2348, wherein providing heat from the one or more heat 

io sources comprises heating the selected section such that a thermal conductivity of at least 
a 



portion of the selected section is greater than about 0.5 W/(m °C; 



2360. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 

1 5 API gravity of at least about 25°. 

2361 . The method of claim 2348. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 1 5 % by weight of the condensable hydrocarbons 

20 are olefins. 

2362. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of cthenc to ethane in the non-condensable hydrocarbons ranges 

25 from about 0.001 to about 0.15. 

2363. The method of claim 2348. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by w eight, when calculated on an atomic basis, of the 

30 condensable hydrocarbons is nitrogen. 
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2364. The method of claim 2348. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

5 

2365. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

10 

2366. The method of claim 234& ? further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 

15 phenols.. 

2367. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 

20 compounds. 

2368. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 

w herein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
25 ring aromatics with more than two rings. 

2369. The method of claim 2348. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 

30 asphaltenes. 
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2370. The method of claim 2348. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 

5 

237 1 . The method of claim 2348. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 

10 hydrogen is less than about 80 % by volume of the non-condensable component. 

2372. The method of claim 2348. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

15 

2373. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 

20 2374. The method of claim 2348. further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



2375. The method of claim 2348. further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H 2 within the mixture 
is greater than about 0.5 bar. 



2376. The method of claim 2348. further comprising producing a mixture from the 
formation, wherein the partial pressure of Ih within the mixture is measured when the 
50 mixture is at a production well. 
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2377. The method of claim 2348. further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

5 2378. The method of claim 2348. further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 

2379. The method of claim 2348, further comprising: 

10 providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

2380. The method of claim 2348, further comprising: 

1 5 producing hydrogen and condensable hydrocarbons from the formation; and 

hydrogenating a portion of the produced condensable hydrocarbons w ith at least a 
portion of the produced hydrogen. 

2381 . The method of claim 2348, wherein allowing the heat to transfer comprises 

20 increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

2382. The method of claim 2348, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

25 

2383. The method of claim 2348, further comprising producing a mixture in a 
production well and wherein at least about 7 heat sources are disposed in the formation 
for each production well. 

30 2384. The method of claim 2348. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, w herein three or more of the heat 
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10 



sources arc located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2385. The method of claim 2348. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2386. A method of treating a coal formation in situ, comprising: 
heating a first section of the formation to pyrolyze at least some hydrocarhons in 

the first section and produce a first mixture from the formation: 

heating a second section of the formation to pyroly ze at least some hydrocarbons 
in the second section and produce/a second mixture from the formation; and 

leaving an unpyrolyzed section between the first section and the second section to 
inhibit subsidence of the formation. 

2387. The method of claim 2386. further comprising maintaining a temperature within 
the first section or the second section within a pyrolysis temperature range. 

2388. The method of claim 2386. wherein heating the first section or heating the second 
section comprises heating with an electrical heater. 

2389. The method of claim 2386. wherein heating the first section or heating the second 
25 section comprises heating with a surface burner. 

2390. The method of claim 2386. wherein heating the first section or heating the second 
section comprises heating with a fiameless distributed combustor. 

30 2391 . The method of claim 2386. wherein heating the first section or heating the second 
section comprises heating with a natural distributed combustor. 



20 
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2392. The method of claim 2386. further comprising controlling a pressure and a 
temperature within at least a majority of the first or second section of the formation, 
wherein the pressure is controlled as a function of temperature, or the temperature is 

5 controlled as a function of pressure. 

2393. The method of claim 2386, further comprising controlling the heat such that an 
average heating rate of the first or second section is less than about 1 °C per day during 
pyrolysis. 



10 
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2394. The method of claim 2386. wherein heating the first section or heating the second 
section comprises: 

heating a selected volume (V) of the coal formation from one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr h*V*( '.*/;, 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p„ is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

2395. The method of claim 2386. wherein heating the first section or heating the second 
section comprises transferring heat substantially by conduction. 

2396. The method of claim 2386. wherein heating the first section or heating the second 
section comprises heating the formation such that a thermal conductivity of at least a 
portion of the first or second section, respectively, is greater than about 0.5 W/(m °C). 

2397. The method of claim 2386. wherein the first or second mixture comprises 
condensable hydrocarbons having an API gravity of at least about 25°. 
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2398. The method of claim 2386. wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the condensable hydrocarbons are olefins. 

5 

2399. The method of claim 2386. wherein the first or second mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

10 2400. The method of claim 2386. wherein the first or second mixture comprises 

condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hy drocarbons is nitrogen. 

2401 . The method of claim 2386. wherein the first or second mixture comprises 

15 condensable hydrocarbons, and wherein less than about 1 ° o by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is oxygen. 

2402. The method of claim 2386. w herein the first or second mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 

20 on an atomic basis, of the condensable hydrocarbons is sulfur. 

2403. The method of claim 2386. wherein the first or second mixture comprises 
condensable hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons comprise oxy gen containing compounds, and wherein the 

25 oxygen containing compounds comprise phenols. 

2404. The method of claim 2386. wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

30 
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2405. The method of elaim 2386. wherein the first or seeond mixture comprises 
condensable hydrocarbons, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

s 2406. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. 

2407. The method of claim 2386, wherein the first or second mixture comprises 

10 condensable hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of 
the condensable hydrocarbons are cycloalkanes. 

2408. The method of claim 2386, wherein the first or second mixture comprises a non- 
condensable component, and wherein the non-condensable component comprises 

15 hydrogen, and wherein the hy drogen is greater than about 10 % by volume of the non- 
condensable component and wherein the hydrogen is less than about 80 % by volume of 
the non-condensable component. 

2409. The method of claim 2386, wherein the first or second mixture comprises 

20 ammonia, and wherein greater than about 0.05 % by weight of the first or second mixture 
is ammonia. 

2410. The method of claim 2386, wherein the first or second mixture comprises 
ammonia, and wherein the ammonia is used to produce fertilizer. 

25 

241 1 . The method of claim 2386, further comprising controlling a pressure within at 
least a majority of the first or second section of the formation, w herein the controlled 
pressure is at least about 2.0 bar absolute. 
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2412. The method of claim 2386. further comprising controlling formation conditions to 
produce the first or second mixture, wherein a partial pressure of \\ 2 within the first or 
second mixture is greater than about 0.5 bar. 

5 2413. The method of claim 2386. wherein a partial pressure of H 2 within the first or 
second mixture is measured when the first or second mixture is at a production well. 

24 1 4. The method of claim 23 86, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 

10 numbers greater than about 25. 

2415. The method of claim 2386. further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the first or second mixture into the formation. 

15 24 1 6. The method of claim 2386, further comprising: 

providing hydrogen (H 2 ) to the first or second section to hydrogenate 

hydrocarbons within the first or second section, respectively; and 

heating a portion of the first or second section, respectively, w ith heat from 

hydrogenation. 

20 

2417. The method of claim 2386, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons w ith at least a 
portion of the produced hydrogen. 

25 

241 8. The method of claim 2386. wherein heating the first section or heating the second 
section comprises increasing a permeability of a majority of the first or second section, 
respectively, to greater than about 100 millidarcy. 
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241 9. The method of claim 2386. wherein heating the first section or heating the second 
section comprises substantially uniformly increasing a permeability of a majority of the 
first or second section, respectively. 

5 2420. The method of claim 2386, further comprising controlling heating of the first or 
second section to yield greater than about 60 % by weight of condensable hydrocarbons, 
as measured by Fischer Assay, from the first or second section, respectively. 

2421 . The method of claim 2386, wherein producing the first or second mixture 

10 comprises producing the first or second mixture in a production well, and wherein at least 
about 7 heat sources are disposed in the formation for each production well. 

2422. The method of claim 2386. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

15 sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2423. The method of claim 2386, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

20 sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2424. A method of treating a coal formation in situ, comprising: 

25 providing heat from one or more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and 

producing a mixture from the formation through one or more production wells. 
30 wherein the heating is controlled such that the mixture can be produced from the 
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formation as a v apor, and wherein at least about 7 heat sources are disposed in the 
formation for each production well. 

2425. The method of claim 2424, wherein the one or more heat sources comprise at 
5 least two heat sources, and wherein superposition of heat from at least the two heat 

sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

2426. The method of claim 2424, further comprising maintaining a temperature within 
10 the selected section within a pyrolysis temperature range. 

2427. The method of claim 2424. wherein the one or more heat sources comprise 
electrical heaters. 

15 2428. The method of claim 2424. wherein the one or more heat sources comprise 
surface burners. 

2429. The method of claim 2424. wherein the one or more heat sources comprise 
flameless distributed combustors. 

20 

2430. The method of claim 2424. wherein the one or more heat sources comprise natural 
distributed combustors. 

243 1 . The method of claim 2424. further comprising controlling a pressure and a 

25 temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

2432. The method of claim 2424. further comprising controlling the heat such that an 
30 average heating rate of the selected section is less than about 1 °C per day during 

pyrolysis. 
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2433. The method of claim 2424. wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume {V) of the coal formation from the one or more heat 
5 sources, wherein the formation has an average heat capacity ((\\ and wherein the heating 
pyroly/es at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr ^ h*V*C\*p H 

10 wherein Pwr is the heating energy/day. h is an average heating rate of the 

formation, p H is formation bulk density, and wherein the heating rate is less than about 10 

°C/day. 

2434. The method of claim 2424, wherein allowing the heat to transfer comprises 
15 transferring heat substantially by conduction. 

2435. The method of claim 2424, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

20 

2436. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2437. The method of claim 2424, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight of the 

condensable hydrocarbons are olefins. 

2438. The method of claim 2424. w herein the produced mixture comprises non- 
condensable hydrocarbons, and w herein a molar ratio of ethene to ethane in the non- 
30 condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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2439. The method of claim 2424. wherein the produced mixture comprises conde 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an a 
basis, of the condensable hydrocarbons is nitrogen. 



5 2440. The method of claim 2424. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

244 1 . The method of claim 2424, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is sulfur. 

2442. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

1 5 hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

2443. The method of claim 2424, wherein the produced mixture comprises condensable 
hy drocarbons, and wherein greater than about 20 % by weight of the condensable 

20 hydrocarbons are aromatic compounds. 

2444. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

25 

2445. The method of claim 2424. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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2446. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and w herein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

5 2447. The method of claim 2424, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
w herein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

10 

2448. The method of claim 2424, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

2449. The method of claim 2424, w herein the produced mixture comprises ammonia, 
15 and wherein the ammonia is used to produce fertilizer. 

2450. The method of claim 2424, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

20 

2451. The method of claim 2424, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. 

25 2452. The method of claim 2452. w herein the partial pressure of H 2 w ithin the mixture 
is measured when the mixture is at a production well. 

2453. The method of claim 2424, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
30 numbers greater than about 25. 
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2454. The method of claim 2424, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 



2455. The method of claim 2424, further comprising: 

5 providing hydrogen (lh) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

2456. The method of claim 2424, further comprising: 

10 producing hydrogen and condensable hydrocarbons from the formation; and 

hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 



2457. The method of claim 2424, wherein allowing the heat to transfer comprises 

15 increasing a permeability of a majority of the selected section to greater than about 1 00 
millidarcy. 

2458. The method of claim 2424, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

20 

2459. The method of claim 2424. wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2460. The method of claim 2424, further comprising providing heat from three or more 
25 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



2461 . The method of claim 2424. further comprising providing heat from three or more 
30 heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2462. A method of treating a coal formation in situ, comprising: 

5 providing heat from one or more heat sources to at least a portion of the 

formation, wherein the one or more heat sources are disposed within one or more first 
wells; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and 
10 producing a mixture from the formation through one or more second wells, 

wherein one or more of the first or second wells are initially used for a first purpose and 
are then used for one or more other purposes. 

2463. The method of claim 2462, wherein the first purpose comprises removing water 
1 5 from the formation, and wherein the second purpose comprises providing heat to the 

formation. 

2464. The method of claim 2462, wherein the first purpose comprises removing water 
from the formation, and wherein the second purpose comprises producing the mixture. 

20 

2465. The method of claim 2462, wherein the first purpose comprises heating, and 
wherein the second purpose comprises removing water from the formation. 

2466. The method of claim 2462, wherein the first purpose comprises producing the 
25 mixture, and wherein the second purpose comprises removing water from the formation 

2467. The method of claim 2462, wherein the one or more heat sources comprise 
electrical heaters. 

30 2468. The method of claim 2462, wherein the one or more heat sources comprise 
surface burners. 
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2469. The method of claim 2462. wherein the one or more heat sources comprise 
llameless distributed combustors. 

2470. The method of claim 2462. wherein the one or more heat sources comprise natural 
5 distributed combustors. 

2471. The method of claim 2462, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 

10 a function of pressure. 

2472. The method of claim 2462. further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1.0 ° C per day during 
pyrolysis. 

15 

2473. The method of claim 2462, wherein providing heat from the one or more heat 
sources to at least the portion of the formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity l and wherein the heating 
20 pyrolyzes at least some hydrocarbons within the selected volume of the formation: and 
wherein heating energy/day provided to the volume is equal to or less than Pur. 
wherein Pur is calculated by the equation: 
Pur = h*V*C v *p H 

wherein Pur is the heating energy 'day, h is an average heating rate of the 
25 formation, p H Ls formation bulk density, and wherein the heating rate is less than about 1 0 
°<7day. 

2474. The method of claim 2462. wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
30 a portion of the selected section is greater than about 0.5 W/(m °C). 
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2475. The method of claim 2462. wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2476. The method of claim 2462. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

2477. The method of claim 2462. wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

2478. The method of claim 2462. w herein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

2479. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2480. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

248 1 . The method of claim 2462. w herein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by w eight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygon 
containing compounds comprise phenols. 

2482. The method of claim 2462. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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2483. The method of claim 2462. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

2484. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

2485. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



2486. The method of claim 2462, wherein the produced mixture comprises a non- 
1 5 condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



2487. The method of claim 2462. wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

2488. The method of claim 2462, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2489. The method of claim 2462. further comprising controlling a pressure w ithin at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 
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2490. The method of claim 2462, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and 1 I 2 , wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 

5 2491 . The method of claim 2490, wherein the partial pressure of H 2 is measured when 
the mixture is at a production well. 

2492. The method of claim 2462, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 

10 numbers greater than about 25. 

2493. The method of claim 2462. further comprising controlling formation conditions, 
wherein controlling formation conditions comprises recirculating a portion of hydrogen 
from the mixture into the formation. 

15 

2494. The method of claim 2462, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 

20 

2495. The method of claim 2462, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

25 2496. The method of claim 2462, w herein allowing the heat to transfer comprises 

increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

2497. The method of claim 2462. wherein allowing the heat to transfer comprises 
30 substantially uniformly increasing a permeability of a majority of the selected section. 



571 



Conley. Rose & i a>on. p (' 



# 



2498. The method of claim 2462. further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2499. The method of claim 2462. wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heal sources are disposed in 
the formation for each production well. 

2500. The method of claim 2462, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2501. The method of claim 2462, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2502. A method for forming heater wells in a coal formation, comprising: 
forming a first wellbore in the formation; 

forming a second wellbore in the formation using magnetic tracking such that the 
second wellbore is arranged substantially parallel to the first wellbore: and 

providing at least one heating mechanism within the first wellbore and at least one 
heating mechanism within the second wellbore such that the heating mechanisms can 
provide heat to at least a portion of the formation. 

2503. The method of claim 2502. wherein superposition of heat from the at least one 
heating mechanism within the first wellbore and the at least one heating mechanism 
w ithin the second wellbore pyrolyzes at least some hydrocarbons within a selected 
section of the formation. 
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2504. The method of claim 2502. further comprising maintaining a temperature w ithin a 
selected section within a pyrolysis temperature range. 

2505. The method of claim 2502, wherein the heating mechanisms comprise electrical 
5 heaters. 

2506. The method of claim 2502, wherein the heating mechanisms comprise surface 
burners. 

10 2507. The method of claim 2502, wherein the heating mechanisms comprise flameless 
distributed combustors. 

2508. The method of claim 2502, wherein the heating mechanisms comprise natural 
distributed combustors. 

/ 

2509. The method of claim 2/>02, further comprising controlling a pressure and a 
temperature within at least a majority of a selected section of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. 

20 

25 1 0. The method of claim 2502, further comprising controlling the heat from the 
heating mechanisms such that heat transferred from the heating mechanisms to at least 
the portion of the hydrocarbons is less than about 1 °C per day during pyrolysis. 

25 251 1. The method of claim 2502. further comprising: 

heating a selected volume (f) of the coal formation from the heating mechanisms, 
wherein the formation has an average heat capacity (C v ). and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy day provided to the volume is equal to or less than Pui\ 
30 wherein Put is calculated by the equation: 
Put - h*V*C v *p H 
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wherein Pu r is the heating energy/day. h is an average heating rate of the 
formation.,*, is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

5 2512. The method of claim 2502. further comprising allowing the heat to transfer from 
the heating mechanisms to at least the portion of the formation substantially by 
conduction. 

2513. The method of claim 2502, further comprising providing heat from the heating 

10 mechanisms to at least the portion of the formation such that a thermal conductivity of at 
least the portion of the formation is greater than about 0.5 W/(m °C). 

2514. The method of claim 2502. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 

1 5 API gravity of at least about 25°. 



251 5. The method of claim 2502. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 

20 are olefins. 

25 1 6. The method of claim 2502. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 

25 from about 0.001 to about 0.1 5. 

2517. The method of claim 2502. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 

30 condensable hydrocarbons is nitrogen. 
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2518. The method of claim 2502. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

2519. The method of claim 2502. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

2520. The method of claim 2502. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 

15 phenols. 

2521 . The method of claim 2502. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 

20 compounds. 

2522. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 

25 ring aromatics with more than two rings. 

2523. The method of claim 2502. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons arc 

30 asphaltenes. 
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^4 The method ol'claim 2502. further comprising producing a mixture lmm the 
formation. wherein .he produced mixture comprise, coudensahle hydrocarbons, and 
therein about 5 % by weigh, to about 30 % by weight of the condensable hydrocarbons 

arc cycloalkanes. 

2525 The method of claim 2502. further comprising producing a mixture from the 
formation, wherein .he produced mix.ure comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen ,s 
greater than abou, 10 % by yolume of the non-condensable component, and where.n ,he 
, hydrogen is less than about 80 % by volume of the non-condensable component. 

25^6 The method of claim 2502. further comprising producing a mixture from the 
formation, wherein the produced m.xture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mix.ure is ammonia. 

2527 The method of claim 2502. further comprising producing a mix.ure from the 
f„ m a.ion. wherein the produced mix.ure comprises ammonia, and wherein the ammonta 

is used to produce fertilizer. 

,„ 2528 The method of claim 2502. further comprising controlling a pressure within a. 
leas, a majority of a selected section ofthe formation, yvherein the controlled pressure ,s 

at least about 2.0 bar absolute. 

2529. The method of claim 2528. wherein the partial pressure of H : within the mixture 

25 is greater than about 0.5 bar. 

,530 T he method ol'claim 2502. further comprising producing a mix.ure from the 
formation, wherein the partial pressure of 1 I, within , he mix.ure is measured when the 

mixture is at a production well. 



30 
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2531. The method of claim 2502. further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

5 2532. The method of claim 2502. further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 

2533. The method of claim 2502, further comprising: 
10 providing hydrogen (H 2 ) to the portion to hydrogenate hydrocarbons within the 

formation; and 

heating a portion of the formation with heat from hydrogenation. 



2534. The method of claim 2502, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 
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2535. The method of claim 2502, further comprising allow ing heat to transfer from the 
heating mechanisms to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section such that a permeability of a majority of a 
selected section of the formation increases to greater than about 100 millidarcy. 

2536. The method of claim 2502. further comprising allowing heat to transfer from the 
heating mechanisms to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section such that a permeability of a majority of the 
selected section increases substantially uniformly. 

2537. The method of claim 2502. further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 
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0518 The method of claim 2502. further comprising producing a mixture in a 
production well, and wherein at least about 7 heat sources are disposed in the formation 
for each production well. 

9539 The method of claim 2502. further comprising forming a production well in the 
formation using magnetic tracking such that the production we.l is substantially parallel 
to the first wellbore and coupling a wellhead to the third wellbore. 
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2540. The method of claim 2502, further comprising providing heat from three or 
,0 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

254 1 . The method of claim 2502, further comprising providing heat from three or more 
,< heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



2542. A method for installing a heater well into a coal formation, comprising: 

forming a bore in the ground using a steerable motor and an aceelerometer: and 
providing a heating mechanism within the bore such that the heating mechanism 
can transfer heat to at least a portion of the formation. 

, 5 2543. The method of claim 2542. further comprising installing at least two heater wells, 
and wherein superposition of heat from at least the two heater wells pyrolyzes at least 
some hydrocarbons within a selected section of the formation. 

2544. The method of claim 2542. further comprising maintaining a temperature within a 
30 selected section within a pyrolysis temperature range. 



578 



(. \mk). R'ise & Tayoii. P C 



2545. The method of claim 2542. wherein the heating mechanism comprises an 

electrical heater. 

2546. The method of claim 2542. w herein the heating mechanism comprises a surface 
5 burner. 

2547. The method of claim 2542. wherein the heating mechanism comprises a flamcless 
distributed combustor. 



10 



2548. The method of claim 2542, wherein the heating mechanism comprises a natural 
distributed combustor. 

•>549 The method of claim 2542, further comprising controlling a pressure and a 
temperature within at least a frajority of a selected section of the formation, wherein the 
15 pressure is controlled as a function of temperature, or the temperature is controlled as a 

function of pressure. 

0550 The method of claim 2542. further comprising controlling the heat from the 
heating mechanism such that heat transferred from the heating mechanism to at least the 
20 portion of the formation is less than about 1 °C per day during pyrolysis. 

2551 The method of claim 2542, further comprising: 

heating a selected volume (V) of the coal formation from the heating mechanism, 
wherein the formation has an average heat capacity (C v ), and wherein the heating 
„ pvrolvzes at least some hy drocarbons within the selected volume of the formation: and 
wherein heating energy/day provided to the volume is equal to or less than P»r. 
wherein Pwr is calculated by the equation: 
Pwr h*l'*(\*lh- 

wherein Pur is the heating energy/day. h is an average heating rate of the 
30 formation. is formation bulk density, and wherein the heating rate is less than about 1 0 

°C/dav. 
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„„ The method »f da.m 2542. further comprismg allowing the be- «> ««r from 
me heating mechanism ,o a, leas, .he portion of <ho formation substantially by 

conduction. 

2553 The method of claim 2542. further composing providing hear from the hearing 
mechanism to a, ,eas, the portion of .he formation such that a thermal conductive of a, 
leas, the portion of the formation is grearer than about 0.5 W/(m °C). 

,,54 The method of claim 2542. further comprising producing a ntrxture from the 
nation, wherein the produced mixture comprises condensate hydrocarbons hav.ng an 

API gravity of at least about 25 c . 

2555 The method of claim 2542. further comprising producing a mixture from the 
nation, whercm the produced mixture comprises condensable hydrocarbons a„ d 
w herem abou, 0.1% by weigh, to about , 5 % by wetgh, of the condensable hydrocarbons 

arc olefins. 

,556 The me.hod of claim 2542. further comprising producing a mixture from the 
mrmation. where.n the produced mtxture comprises non-condensab.e hydrocarbons, and 
wherein a molar ratio of emene to ethane in the „„n-eondensab,e hydrocarbons ranges 
from about 0.001 to about 0.15. 

„ 57 The method of claim 2542. further comprising producing a mixture from the 
, formation, wherein ,he produced mixture composes condensable hydrocarbons and 
herein less .ban about 1 % by wc.ght. when calcula.ed on an a.om.c bas.s. o, .he 
condensable hydrocarbons is nitrogen. 

The me.hod of claim 2542. further composing producing a mixture from the 
„ iorma.,o, wherein ,he produced rmx.ure comprises condensable hydrocarbons, and 
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wherein less than about 1 % by weight, when ealculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

2559. The method of claim 2542. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

7560 The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % bv w eight to about 30 % by w eight of the condensable hydrocarbons compnse 
oxygen containing compounds, and wherein the oxygen containing compounds compnse 
phenols. 

2561 The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 

compounds. 

9S62. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises mult.- 
ring aromatics with more than two rings. 

7%1 The method of claim 2542. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 

asphaltenes. 

30 ->S64. The method of claim 2542. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein about 5 % by weight to about 30 % by we.ght of the condensable hydrocarbons 
arc cycloalkanes. 

2565. The method of claim 2542. further comprising producing a mixture from the 
5 formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hy drogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

10 2566. The method of claim 2542. further comprising producing a mixture from the 

formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

9567 The method of claim 2542. further comprising producing a mixture from the 
, 5 formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 

is used to produce fertilizer. 

2568. The method of claim 2542, further comprising controlling a pressure within at 
least a majority of a selected section of the formation, wherein the controlled pressure is 
20 at least about 2.0 bar absolute. 

7569 The method of claim 2542. further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partral pressure of H 2 within the mixture 

is greater than about 0.5 bar. 
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2570. The method of claim 2569. wherein the partial pressure of lh within the mixture 
is measured when the mixture is at a production well. 

2571 . The method of claim 2542. further comprising altering a pressure w ithin the 
formation to inhibit production of hydrocarbons from the formation having carbon 

numbers greater than about 25, 
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2572. The method ofclaim 2542. further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 

2573. The method ofclaim 2542. further comprising: 

providing hydrogen (H 2 ) to the at least the heated portion to hydrogenate 
hydrocarbons within the formation; and 

heating a portion of the formation with heat from hydrogenation. 

2574. The method of claim 2542. further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogep. 

2575. The method ofclaim 2542, further comprising allowing heat to transfer from the 
heating mechanism to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section such that a permeability of a majority of a 
selected section of the formation increases to greater than about 100 millidarcy. 

2576. The method of claim 2542, further comprising allowing heat to transfer from the 
heating mechanism to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section such that a permeability of a majority of the 
selected section increases substantially uniformly. 

2577. The method ofclaim 2542. further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2578. The method ofclaim 2542. further comprising producing a mixture in a 
production well, and wherein at least about 7 heating mechanisms are disposed in the 

formation for each production well. 
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->S79. The method of claim 2542. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit ot heat 
sources comprises a triangular pattern. 

.1 

2580. The method of claim 2542. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2581 . A method for installing of wells in a coal formation, comprising: 
forming a wellborc in the formation by geosteered drilling; and 
providing a heating mechanism within the wellborc such that the heating 

mechanism can transfer heat to at least a portion of the formation. 

2582. The method of claim 2581 . further comprising maintaining a temperature within a 
selected section within a pyrolysis temperature range. 

2583. The method of claim 2581 . wherein the heating mechanism comprises an 

electrical heater. 



2584. The 
burner. 



method of claim 2581. wherein the heating mechanism comprises a surface 



2585. The method of claim 2581. wherein the heating mechanism comprises a flameless 
distributed combustor. 

30 2586. The method of claim 2581. wherein the heating mechanism comprises a natural 

distributed combustor, 
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2587. The method of claim 258 1 . further comprising controlling a pressure and a 
temperature within at least a majority of a selected section of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 

5 function of pressure. 

2588. The method of claim 2581, further comprising controlling the heat from the 
heating mechanism such that heat transferred from the heating mechanism to at least the 
portion of the formation is less than about 1 °C per day during pyrolysis. 
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2589. The method of claim 2581, further comprising: 

heating a selected volume (V) of the coal formation from the heating mechanism, 
wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
1 5 wherein heating energy/day provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p„ 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p„ is formation bulk density, and wherein the heating rate is less than about 10 
20 °C/day. 

2590. The method of claim 2581, further comprising allowing the heat to transfer from 
the heating mechanism to at least the portion of the formation substantially by 
conduction. 

25 

2591. The method of claim 2581. further comprising providing heat from the heating 
mechanism to at least the portion of the formation such that a thermal conductivity of at 
least the portion of the formation is greater than about 0.5 W/(m °C). 
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2592. The method of claim 2581 . further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity oi'at least about 25°. 

2593. The method of claim 2581. further comprising producing a mixture from the 

formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein about 0.1 % by weight to about 1 5 % by weight of the condensable hydrocarbons 

i 

are olefins. 

2594. The method of claim 2581. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 

2595. The method of claim 2581 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

2596. The method of claim 2581, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by w eight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

2597. The method of claim 2581 . further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

2598. The method of claim 2581 . further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
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*,„,, « % bv ^ .0 abou, 30 % by weigh, „r .he condensable hydrocarbons comprise 
oxygen con.aming compounds, and where!,, ,he oxygen eon.aining compounds compr.se 

phenols. 

s 2599 The method of claim 2581, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 

, „ .600 The method of claim 2581. further comprising producing a mixture from .he 
,'orma.ion. wherein .be produced mixmrc comprise, condensable hydrocarbons, and 
wherein less ,ha„ abou, 5 % by weigh, of the condensable hydrocarbons comprises mulu- 
ring aromatics with more than two rings. 

„ .601 The method of claim 2581. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. 

,0 2602 The method of claim 258 1 , further comprising producing a mixture from the 
formation, where.n the produced mixture comprises condensable hydrocarbons, and 
wherein abou. 5 % by weigh, ,o abou. 30 % bv weight of the condensable hydrocarbons 

are cycloalkanes. 



^603 The method of claim 2581. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen ,s 
greater than abou, 10 % by volume of ,he non-condensable component, and whercn ,he 
hvdro-en is less than abou. 80 % by volume of .he non-condensable component. 



30 
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o 6 ()4. The method of claim 2581. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2605. The method of claim 2581. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 

2606. The method of claim 2581, further comprising controlling a pressure within at 
least a majority of a selected section of the formation, wherein the controlled pressure is 
at least about 2.0 bar absolute. 

,607 The method of claim 2581. further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H 2 within the mixture 

is greater than about 0.5 bar. 

2608. The method of claim 2607, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 

2609. The method of claim 258 1 , further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

2610. The method of claim 2581. further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 

261 1 . The method of claim 2581 . further comprising: 

providing hydrogen Oh) to at least the heated portion to hydrogenatc 
hydrocarbons within the formation; and 

heating a portion of the formation with heat from hydrogenation. 
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2612. The method of claim 2581. further comprising: 
producing hydrogen and condensable hydrocarbons from the formation: and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

261 3. The method of claim 258 1 , further comprising allowing heat to transfer from the 
heating mechanism to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section such that a permeability of a majority of a 

! o selected section of the formation increases to greater than about 1 00 millidarcy. 

2614. The method of claim 2581 . further comprising allowing heat to transfer from the 
heating mechanism to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section such that a permeability of a majority of the 

1 5 selected section increases substantially uniformly. 

261 5. The method of claim 2581, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



20 
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2616. The method of claim 2581, further comprising producing a mixture in a 
production well, and wherein at least about 7 heat sources are disposed in the formation 
for each production well. 

2617. The method of claim 2581. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, w herein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

26 18. The method of claim 2581. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

26 1 9. A method of treating a coal formation in situ, comprising: 

5 heating a selected section of the formation with a heating element placed within a 

wellbore. wherein at least one end of the heating element is free to move axially within 
the wellbore to allow for thermal expansion of the heating element. 

2620. The method of claim 2619, further comprising at least two heating elements 

1 o within at least two wellbores. and wherein superposition of heat from at least the two 
heating elements pyrolyz.es at least some hydrocarbons within a selected section of the 
formation. 

262 1 . The method of claim 26 1 9, further comprising maintaining a temperature within 
1 5 the selected section within a pyrolysis temperature range. 

2622. The method of claim 26 1 9. wherein the heating element comprises a pipe-in-pipe 
heater. 

20 2623. The method of claim 2619, wherein the heating element comprises a flameless 
distributed combustor. 

2624. The method of claim 26 1 9, wherein the heating element comprises a mineral 
insulated cable coupled to a support, and wherein the support is free to move within the 

25 wellbore. 

2625. The method of claim 2619. wherein the heating element comprises a mineral 
insulated cable suspended from a wellhead. 

30 2626. The method of claim 2619. further comprising controlling a pressure and a 

temperature w ithin at least a majority of a heated section of the formation, wherein the 
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pressure ,s controlled as a function of .empenaurc. or the temperature is controlled as a 

function of pressure. 

W The method of claim 261 9. further comprising controlling the heat such that an 
average heating rate of the heated section is less than about 1 °C per day during pyrolvsis. 

2628. The method of claim 2619, wherein heating the seetton of the formation further 

comprises: 

heatin. a selected volume (V) of the coal formation from the heating element, 
wherein the formation has an average heat capacity (CV). and wherein the heating 
pvro.vzes at least some hydrocarbons within the selected volume of the formation: and 
' wherein heating energy/day provided to the volume is equal to or less than /Vr. 
wherein Pwr is calculated by the equation: 
Pwr - h*V*C v *p„ 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p. is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. 

2629. The method of claim 2619, wherein heating the section of the formation 
20 comprises transferring heat substantially by conduction. 

7630 The method of claim 2619, further comprising heating the selected section of the 
formation such that a thermal conductivity of the selected section is greater than about 
0.5 W/(m °C). 

96 3i The method of claim 2619. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 

API gravity of at least about 25°. 
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W The method of claim 261 9. further comprising producing a mixture from the 
formatton. wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein about 0. 
are olefins. 



% bv weight to about 1 5 % by weight of the condensable hydrocarbons 



20 



•>631 The method of claim 2619. further comprising producing a mixture from the 
formatton. wherein the produced mixture comprise, non-condensable hydrocarbon, and 
herein a molar ratio ofethenc to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 

,634 The method of claim 2619. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
.herein less than about 1 % by weight, when calculated on an atomic basts, ot the 
condensable hydrocarbons is nitrogen. 

2635 The method of claim 2619, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by w eight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

2636 The method of claim 261 9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hy drocarbons, and 
wherein less than abo* 1 % by w eight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

,637 The method of claim 26 1 9. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about S % bv weight to about 30 % by weight of the condensable hydrocarbons comprise 
xvuen containing compounds, and wherein the oxygen containing compounds comprise 



o 

phenols. 
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,638 The method ofelaim 2619. further comprising producing a mixture from the 
formatton. wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 

2639. The method of claim 2619, further comprising producing a mixture from the 
5 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

2640. The method of claim 261 9, farther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. 

264 1 . The method of claim 2619, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 

2642. The method of claim 26 1 9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
oreater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

25 2643 . The method of claim 2619, further comprising producing a mixture from the 

formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by w eight of the produced mixture is ammonia. 

2044. The method of claim 261 9. farther comprising producing a mixture from the 
30 formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 

is used to produce fertilizer. 
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, M5 The method of datm 26.9. further comprtsmg controlling a pressure w,,h,n the 
selected section of the formation, herein the controlled pressure is a, leas, about 2.0 bar 



absolute. 



5 ,646 The method of Cairn 26! 9. further comprismg controlhng formatton conditions to 

is greater than about 0.5 bar. 

, 0 2 647. The method ordaim 2647. .herein the partial pressure of* within the mtxture 
is measured when the mixture is at a production well. 

2648 The method of claim 2619, further comprising altering a pressure within the 
formatter, ,„ inhibit production of hydrocarbons from the formation havng carbon 

1 5 numbers greater than about 25 . 

,649 The method of clatm 26,9. further cotnpristng producing a mixture from the 
^ratton and controlltng formation conditions by recirculating a portion of hydrogen 



from the mixture into the formation. 



20 



25 



96.0 The method of claim 2619, further comprising: 

, i m \ 1 the heated section to hvdrogenate hydrocarbons 
providing hydrogen (Hi) to the ncatea seem. 

within the heated section; and 

heating a portion of the section with heat from hydrogenation. 

,6M The method of claim 2619. further comprising: 

producing hydrogen and condensable hydrocarbons from the nation; an 

hydrogenating a portion of the produced condensable hydrocarbons w.th at least 

portion of the produced hydrogen. 



30 
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^ The method of claim 261 9. wherein heating comprises increasing a permeability 
of a majority of the heated section to greater than about 100 millidarcy. 

2653. The method of claim 2619. wherein heating comprises substantially uniformly 
increasing a permeability of a majority of the heated section. 

2654 The method of claim 2619, wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

,655 The method of claim 261 9. further comprising producing a mixture in a 
production well, and wherein at least about 7 heat sources are disposed in the formation 

(or each production well. 

2656 The method of claim 2619, further comprrsing providing heat from three or more 
heat sources to at leas, a portion of the formation, wherein three or more ot the heat 
sources are located in the formation in a uni, of heat sources, and wherein the unit ol hea, 

sources comprises a triangular pattern. 

,657 The method of clatm 26.9, further comprising providing heat from three or more 
hea, sources to a, leas, a portion of , he formation, wherein three or more ot the hea, 
sources are loca.ed in the formation in a unit of hea, sources, wherein ,he una of hea. 
sources comprises a .riangular P a„em. and wheretn a plurality of the units are rcpea.ed 
over an area of the formation to form a repetitive pattern of units. 

^658 A method of treating a coal formation in situ, comprising: 

providing heat from one or more hea, sources to at least a portion of ,he 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation; and 

producing a mixture from the formation through a production well, whercn the 
production well is located such thai a majority of the mature produced from the 
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formation comprises non-condensable hydrocarbons and a non-condensable component 
comprising hydrogen. 

2659. The method of claim 2658, wherein the one or more heat sources comprise at 
5 least two heat sources, and wherein superposition of heat from at least the two heat 

sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

2660. The method of claim 2658. further comprising maintaining a temperature within 
10 the selected section within a pyrolysis temperature range. 

266 1 . The method of claim 2658, wherein the production well is less than 
approximately 6 m from a heat source of the one or more heat sources. 

1 5 2662. The method of claim 2658. wherein the production well is less than 
approximately 3 m from a heat source of the one or more heat sources. 

2663. The method of claim 2658. w herein the production well is less than 
approximately 1 .5 m from a heat source of the one or more heat sources. 

20 

2664. The method of claim 2658. wherein an additional heat source is positioned within 
a wellbore of the production well. 

2665. The method of claim 2658. wherein the one or more heat sources comprise 
25 electrical heaters. 

2666. The method of claim 2658. wherein the one or more heat sources comprise 
surface burners. 

30 2667. The method of claim 2658. wherein the one or more heat sources comprise 
tlameless distributed combustors. 
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2668. The method of claim 2658. wherein the one or more heat sources comprise natural 
distributed combustors. 

2669. The method of claim 2658, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

2670. The method of claim 2658. further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

267 1 . The method of claim 2658, wherein providing heat from the one or more heat 
1 5 sources to at least the portion of formation comprises: 

heating a selected volume (D of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C\.), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 
20 wherein Pwr is calculated by the equation: 
Pwr ~ h*V*C v *p„ 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

25 

2672. The method of claim 2658. wherein allowing the heat to transfer from the one or 
more heat sources to the selected section comprises transferring heat substantially by 
conduction. 
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,673 The method of claim 2658. wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity ol at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

j 

5 2674. The method of claim 2658. wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2675 The method of claim 2658. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by wetght of the 
1 u condensable hydrocarbons are olefins. 

2676. The method of claim 2658. wherein a molar ratio of ethenc ,„ ethane in the non- 
condensable hydrocarbons ranges from about 0.001 Co about 0.1 5. 



15 
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o 6 -77 The method of claim 2658. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight when calculated on an atom, 
basis, of the condensable hydrocarbons is nitrogen. 

.678 The method of claim 2658. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atorruc 
basis, of the condensable hydrocarbons is oxygen. 

2679 The method of claim 2658. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

,680 The method of claim 2658. wherein the produced mixture comprises condensable 
hvdrocarbons. wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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,681. The method ofclaim 2658. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

5 2682. The method ofclaim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromaties with more than two rings. 

2683. The method ofclaim 2658. wherein the produced mixture comprises condensable 
,0 hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 

hydrocarbons are asphaltenes. 

2684. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 

1 5 condensable hydrocarbons are cycloalkanes. 

,685 The method of claim 2658, wherein the produced m.xture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
20 component, and wherein the hydrogen is less than about 80 % by volume of the non- 

condensable component. 

2686. The method of claim 2658, wherein the produced mixture comprises ammonia, 
and w herein greater than about 0.05 % by weight of the produced mixture is ammonia. 

26 87. The method ofclaim 2658. wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

,688 The method of claim 2658. further comprising controlling a pressure within at 
30 least a majority of the selected section of the formation, wherein the controlled pressure 

is at least about 2.0 bar absolute. 
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„» The method orcla, m 2658. further comprise control!,,,, formation conditions ,0 
"produce the mix, arc. wherein a partial pressure .f.b within the mixture is greater than 



about 0.5 bar. 

2690. The method of claim 2689, wherein the partial pressure of ft within the mixture 
is measured when the mixture is a, a production well. 

,691 The method of claim 2658, further eomprisin e altering a pressure within the 
,0 formation to inhibit production of hydrocarbons from the formation having carbon 

numbers greater than about 25. 

269^ The method of claim 2658. further composing controlling formation conditions 
bv recirculating a portron of the hydrogen from the mixture into the formauon. 



15 
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9693 The method of claim 2658, further comprising: 

providing hydrogen (II 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

2694. The method of claim 2658, further comprising: 

producing condensable hydrocarbons from the formation; and 
hydrogenatmg a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

,695 The method of claim 2658. wherein allowing the heat to transfer comprises 
mcreasing a permeability of a majority of the selected section to greater than about 100 

millidarcy. 

•0 -696 The mchod of claim 2658. wherein allowing the hea, to transfer comprises 
substantially un.form.y increasing a permeability of a majority of the selected secon. 
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2()l)7 , t*^«^^^° m *'";££; 

lh a„ about ,0 % by weigh, of condensabie hydrocarbons, as measured by 



15 



2698. The method of claim 2658 
the mixture in a production well and where* at 
the formation for each production well. 



wherein producing the mixture comprises producing 

least about 7 heat sources are disposed in 



2699. The method of claim '. 



7658 further comprising providing heat from three or more 

heat sources to at least a portion of the formation, w herein three or more of the heat 
heat sources to a wheat sources and wherein the unit of heat 

sources are located in the formation in a unit of heat sources. 

sources comprises a triangular pattern. 

, V00 The method of Cain, 2658, further compristng prov,di„ 8 bea, from three or m„ r e 
I sourees ,o a, leas, a portion of rhe formation, wherem three or more o. .he bea, 
re Located in ,he forma„on ,„ a urn, of bea, sourees, .herein ,he urn, C hea, 

over an area of the formation ,o form a repe.hive pattern of un„, 



20 
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,70! A method of .reating a eoal formation in situ, comprising: 



or more 



first heat sources to a first 



sources placed within a pattern in the formation: 
allowing the heat to transfer from the one 

se * n ::::::::: S ee,io„of,be— «**~~-*~>-~ 

seco „d hea, source ,s conjured to ra,se an average temperature o. a ™ ^ 
second secion ,o a higher .empera.ure than an average ,empera,ure ot ,bc „rs, secUon. 



and 



vv 



producing a mixture from the formation through a production well positioned 

* • , v w cin a majoriiv of the produced mixture comprises non- 
ithin the second section, whacm a maju u 
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condensable hydrocarbons and a non-condensable component comprising 1 1 ; 

components. 

270 , The method of claim 2701. wherein the one or more firs, hea, sources comprise a, 
, ,eas, two hea, sources, and wherein supe^osition of hea, from a, leas, ,he ,wo hea, 
sources pyrolyzes a, leas, some hydrocarbons within ,he firs, section of the formauon. 

2703. The me,hod of claim 2701, further comprising maintaining a, emperature within 
the first section wilhin a pyrolysis temperature range. 

2704. The method of claim 2701. wherein a, leas, ,he one hea, source comprises a 
healer element posilioned within ,he production well. 

2705. The method of claim 2701. wherein a, least the one second hea, source comprises 

15 an electrical heater. 

2706. The mchod ofclaim 270, . wherein a, leas, ,he one second hea, source comprises 

a surface burner. 

20 2707. The method of claim 2701, wherein a, leas, the one second heat source comprises 
a flameless distributed combustor. 

2708. The method ofclaim 270,, wherein a, !east the one second hea, source comprises 
a natural distributed combustor. 



25 



^709 The mchod ofclaim 2701 . further comprising con,rolling a pressure and a 
Emperature wi.hin a, leas, a majority of the firs, or ,he second section of the formauon. 
wherein the pressure is controlled as a funcion of ,empera,„re. or ,he ,empera,ure ,s 

controlled as a function of pressure. 



30 
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, 71 „ The --hod of cla.m 2701. Turner comprising con.rollmg ,he hea, such ,ha, an 
lerage heating rate of*, fir. section » than abou, 1 f P« day during pyr„ly,,s. 

he method of claim 270 1 . wherein providing hea, .o ,hc formation further 



2711 

comprises: 



.aw. 

heating a sclec.ed volume ( 0 of the from the one or more firs, hea, sources, 
herein the formation has an average hea, capacity ( G, and wherein the heanng 
pvr „,,e S a, leas, some hydrocarbons within ,he se.ected volume of ,he format.on, nd 
' wherein heating energy/day provided to ,he volume is euua, ,o or less than 
,0 wherein Pur is calculated by the equation: 
Pwr A*f'«(VV» 

wherem Fw, is the heatmgenergv-day,/- is an average heating rate „ , he 



o 



C/day. 



' 5 27.2. The method of ela.m 270!, wherein allowing the hea, ,o transfer comprises 
transferring hea, substantially by conduction. 

27 ,3 The me,hod of churn 270,, wherein providing hea, from ,he one or more firs, hea, 
2 „ sources comprises hearing ,he firs, section such ,ha, a .herma, conducttvi,, of a, least a 
portion of the firs, section is greater than about 0.3 W/lm °C). 

2714 . The method of claim 270, . wherein ,he produced mixture comprises condensable 
hydrocarbons having an API gravity of a, leas, about 25°. 

25 , 7 , 5 The method of claim 270 1 . wherem the produced mixture comprises condensable 
hydrocarbons, and wherein abou, 0.1 % by weigh, to about , 5 % by weigh, „, the 

condensable hydrocarbons are olefins. 

M ,7,6 The me.hod of Cairn 2701. wherein a molar ratio of ethene ,„ e.bane in the non- 
condensable hydrocarbons ranges from abou, 0.00. ,o abou, 0.1:, 
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vll The method ofclaim 2701. wherein .he produced mixture composes condensable 
M rocarb„ns, and whcrctn less than about , % * — «*<^ * » — 

basis, ol Ihe condensable hydrocarbons is nitrogen. 

5 , 71 8 The method of claim 270. . wherein the produced mixture comprises condensable 
hydrocarbons, and where, less than abo* 1 % by weight, when calculated on an atomrc 
basis, of the condensable hydrocarbons is oxygen. 

I0 ,7,9 The method ofclaim 270!. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about , % by weigh,, when calculated on an atotntc 
basis, of the condensable hydrocarbons is sulfur. 

2V0 The method of .him 270!. wherein the produced mixture comprises condensable 
„ hydrocarbons, wherein about 5 % by weigh, to about 30 % by weigh, of the condensable 
hydrocarbons comprise oxygen conraining compounds, and wherein the oxygen 
containing compounds comprise phenols. 

2721 The method of claim 270!, wherein the produced mixture comprises condensable 
2 „ hydrocarbon, and wherein greater than about 20 % by weigh, of the condensable 
hydrocarbons are aromatic compounds. 

277, The method of claim 2701 , wherein the produced mixture comprises condensable 
hvdrocarbons. and wheretn less than about 5 % by w eigh, of the condensable 
;$ hydrocarbons comprises multi-ring aromatics with more than ,wo rtngs. 

, 7 ,3 The method of claim 2701. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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2724. The method of claim 2701 . wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight lo about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

2725. The method of claim 2701, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

2726. The method of claim 2701, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

2727. The method of claim 2701, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

7728. The method of claim 2701, further comprising controlling a pressure within at 
least a majority of the first or the second section of the formation, wherein the controlled 
pressure is at least about 2.0 bar absolute. 

?7?9 The method of claim 270 1 . further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. 

2730. The method of claim 2729. wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 

2731. The method of claim 2701, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 

> numbers greater than about 25. 
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2732. The method of claim 270 1 . further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

2733. The method of claim 270 1 , further comprising: 

5 providing hydrogen (H 2 ) to the first or second section to hydrogenate 

hydrocarbons within the first or second section, respectively; and 

heating a portion of the first or second section, respectively, with heat from 

hydrogenation. 



10 
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2734. The method of claim 270 1 , further comprising: 

producing condensable hydrocarbons from the formation; and 

hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

2735 The method of claim 2701, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the first or second section to greater than about 

100 millidarcy. 

7736. The method of claim 270 1 , wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the first or second 

section. 

2737 The method of claim 2701, wherein heating the first or the second section is 
controlled to yield greater than about 60 % by weight of condensable hydrocarbons, as 
measured by Fischer Assay. 

2738. The method of claim 2701. wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

2739. The method of claim 2701. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
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sources are loea.ed in .he Ibrmauon in a unit ofhca. sourees. and wherein ,hc unit olheai 

sources comprises a triangular pattern. 

2740 The method of claim 2701, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formal in a unit of heat $ ources, wherein the unit ot heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

0741 A method of treating a coal formation in situ, comprising: 

providing heat into the formation from a plurality of heat sources placed in a 
pattern within the formation, wherein a spacing between heat sources is greater than 

about 6 m; 

allowing the heat to transfer from the plurality of heat sources to a selected 

1 5 section of the formation; 

producing a mixture from the formation from a plurality of production wells, 
wherein the plurality of production wells are positioned within the pattern, and wherein a 
spacing between production wells is greater than about 12 m. 

70 2742 The method of claim 2741, wherein superposition of heat from the plurality of 
heat sources pyrolyzes at least some hydrocarbons within the selected section of the 

formation. 

2743. The method of claim 2741. further comprising maintaining a temperature within 
25 the selected section within a pyrolysis temperature range. 

2744. The method of claim 2741. wherein the plurality of heat sources comprises 
electrical heaters. 

30 2745. The method of claim 2741. wherein the plurality of heat sources comprises 

surface burners. 
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2746. The method of claim 2741 . wherein the plurality of heat sourees comprises 
llameless distributed combustors. 

5 2747. The method of claim 2741, wherein the plurality of heat sources comprises 
natural distributed combustors. 

2748. The method of claim 2741. further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 

,0 the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

2749. The method of claim 274 1 , further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 

15 pyrolysis. 

2750. The method of claim 2741, wherein providing heat from the plurality of heat 

comprises: 

heating a selected volume (V) of the coal formation from the plurality of heat 
20 sources, wherein the formation has an average heat capacity <C V ), and wherein the heating 
pvrolyzes at least some hydrocarbons within the selected volume of the formation; and 
" wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 
Pwr -h*V*C\*/h 

wherein Pwr is the heating energy/day. h is an average heating rate of the 
formation. is formation bulk density, and wherein the heating rate is less than about 1 0 
°C7day. 

2751. The method of claim 2741. wherein allowing the heat to transfer comprises 
30 transferring heat substantially by conduction. 
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o 75 , The method of claim 274 1 . wherein providing heat comprises heating the selected 
nation such that a thermal conductivity of at least a portion of the selected sechon ,s 
greater than about 0.5 W/(m °C). 

5 2 753. The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25 e . 

2754 The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 1 5 % by we lg ht of the 

10 condensable hydrocarbons are olefins. 

2755 The method of claim 2741. wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
eondensable hydrocarbons ranges from about 0.001 to about 0.15. 

,756 The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

20 ,757 The method of claim 2741,.wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

,758 The method of claim 2741 . wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

, 75 9 The method of claim 2741. wherein the produced mixture comprises condensable 
hvdrocarbons. wherein about 5 % by weight to about 30 % by weight of the condensable 
30 hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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, r i • .741 wherein the produced mixture comprises condensable 
9760 The method ot claim 2741, w herein tne f 

,u n .,h„m ->() % bv weight of the condensable 
hydrocarbons, and wherein greater than about J) b> g 

hydrocarbons are aromatic compounds. , 

S mi Th emethodofclaim 274Uwhe^ 

^carbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two nngs. 

. , r , -m^741 wherein the produced mixture comprises condensable 
n 776^ The method of claim 2741. wnerunu t 

u • , Mhm about 0 1%bvweightof the condensable 
hydrocarbons, and wherein less than about U.3 . . 

hydrocarbons are asphaltenes. 

, a frMmVU wherem the produced mixture comprises condensable 
2763. The method ot claim 2/41, wnerei v 

, v, rein about < % by weieht to about 30 % by weight of the 
! 5 hydrocarbons, and wherein about „ , o oy . 

condensable hydrocarbons are cycloalkanes. 

, , r i • -41 wherem the produced mixture comprises a non- 
The method ot claim wntreai ui^ t 

— — r==2ST 

condensable component. 

, r i ■ .741 wherein the produced mixture comprises ammonia. 
->7AS The method ot claim 2741. wherein inc y 

and wherein the ammonia is used lo produce fcrt.to. 
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,767 The mc.hod of claim 274 , , further comprising controlling a pressure within a, 
ieas, a majortty of ihc selected section of ,hc formation, wherem .he controlled pressure 

is at least about 2.0 bar absolute. 
5 2768 ■rhe m e,hodofcla 1 m274,,funherco m prisi„ 8 con l r„Uin g forma,io„co„di U o„s 

produce ,he mixture, wherem a partial pressure of H 2 wi.hin .he mixture is greater than 

about 0.5 bar. 

2769. The method of claim 2768. wherein .he partial pressure of H, wrthin .he mixture 
,0 is measured when the mixture is at a production well. 

,770 The method of claim 274 1 , further comprising altering a pressure w ithin the 
formation to inhtbit production of hydrocarbons from the formation having carbon 

numbers greater than about 25 . 



15 



20 



,77 1 The method of claim 2741, farther comprising controlling formation conditions 
by recirculating a portion of hydrogen from .he mixture in.o ,he formation. 

277, The method of claim 2741, further comprising: 

" providing hydrogen (Hi) to the selected section to hydrogenate hydrocarbons 

within the selected section; and 

heating a portion of the selec.ed section with heat from hydrogenauon. 

2771 The method of claim 2741 . further comprising: 

producing hydrogen and condensable hydrocarbons from the formation: and 
hydrogenating a portion of the produced condensable hydrocarbons with at leas, a 
portion of the produced hydrogen. 

,774 The method of claim 274 1 . wherein allowing the hea, to transfer comprises 
30 .ncrcasing a permeabilhy of a majori.y of.he selected section to greater than about ,00 

millidarcy. 

t , , Conlev, Rose & Tayon. PC 
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,775 The method «t claim 274 1, wherein allowing .he hea, ,„ transfer comprises 
substantially untl'crmly increasing a permeabiUty of. majority of the selected seelton. 

5 2776 The method of claim 274 1 . further comprising controlling the hea. to yield greater 
than about 60 % by weigh, of condensable hydrocarbons, as measured by Fischer Assay. 

2777 . The method of claim 2741 , vvheretn a. leas, about 7 heat sources are disposed in 
the formation for each produclion well. 

,778 The method of claim 2741 . further comprising providing hea, from ,hree or more 
hea, sources ,o a, leas, a portion of ,he formation, wherein ,hree or more of ,he hea, 
sources are loea.ed tn ,he fomtatton in a nni, of hea, sources, and wherein the urn, o, hea, 
sources comprises a triangular pattern. 

2779 The method of claim 2741, further comprising providing hea, from three or more 
„ea, sources ,o a, leas, a portion of the formation, wherem ,hree or more of ,he hea, 
sources are loca.ed in the formation in a unit of heat sources, wherein the urn, oi heat 
sources comprises a triangular pattern, and wherem a plurality of ft. units are repea.ed 
20 over an area of the formation to form a repetitive pattern of untts. 

2780 A svstem configured to heat a coal formation, comprising: 

a heater disposed in an opening in the formation, wherein the heater is configured 
,o provide heat to at least a portion of the formation during use: 
2 s an oxidizing fluid source; 

a condui, disposed in the opening, wherein ,he conduit is configured to provtde an 
oxidizing fluid from ,he oxidizing fluid source ,o a reaction zone in ,hc forma.ion durmg 
use and wherein the oxidizing fluid is selected to oxidize at leas, some hydrocarbons a, 
t „e reaction zone during use such tha, heat is generated a, the reaction zone: and 

wherein the svstem is configured to allow hea. to transfer substantially by 
conduction from the reaction zone ,„ a pyrolysis zone of the fonnation durmg use. 
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2781 . The system of claim 2780. wherein the oxidizing fluid is configured to generate 
heat in the reaction /.one such that the oxidizing tluid is transported through the reaction 
zone substantially by diffusion. 

2782. The system of claim 2780, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing tluid into the opening. 

2783. The system of claim 2780, wherein the conduit comprises critical flow orifices, 
and wherein me critical flow orifices are configured to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

2784 The svstem of claim 2780. wherein the conduit is further configured to be cooled 
vvith the oxidizing fluid such that the conduit is not substantially heated by oxidation. 



20 



2785. The system of claim 2780, wherein the conduit is further configured to remov 

oxidation product. 

2786. The system of claim 2780, wherein the conduit is further configured to remov 
oxidation product such that the oxidation product transfers substantial heat to the 

oxidizing fluid. 



e an 



e an 



2787. The svstem of claim 2780, wherein the conduit is further configured to remove an 
oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
25 approximately equal to a flow rate of the oxidation product in the conduit. 

0788. The svstem of claim 2780. wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination ot 
30 the oxidation product by the oxidizing fluid. 
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, 7 „ The svs.cm ..re* 2780. whercm Uk vondu,, , further configured ,o remove an 
Nidation product, ana where,,, ,hc ox.da.ion pnxiuc, is subs,a„„al.v inhibited Iron, 
flowing in,., portions of, he formation beyond Ac rcucon .one. 

,7* The svs, m of claim 2780. wherem the .„idi,,n B find » subs,an,ia„ y inhibucd 
from flowing in,o portions of the formation beyond the reaction .one. 

,791 The svstem of Cairn 2780. firrther comprising a center condnit disposed within 
[be conduit, wherein the center eondu,, is configured to provide the oxidizing fluid into 
,„e opentng during use. and wherein the conduit ,s further configured to remove an 
oxidation product during use. 

f i ™-mo wherein the portion of the formation extends radially 
2792. The system ol claim 27SU. wnerun 
from the opening a width of less than approximately 0.2 m. 

2793 The system of claim 2780, further comprising a conductor disposed in a second 
condu it wherein the second conduit is disposed within the opening, and wherem the 
rlorisconnguredtohcatatleastaportiono 

electrical current to the conductor. 

' 2794 The svsten, of claim 2780, further comprising an insulated conductor disposed 
within the opening, wherein the instated conductor ,s configured to hea, a, leas, a 
portion of the formation during application of an electrical current to the insulated 



conductor. 
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, 7 o 5 The svstem of claim 2780. further comprising a, leas, one elongated member 
"disposed within the owning, wherein the a, ,eas, the one elongated member is eonl.gured 
! hi, a, leas, a portion of the fonuation during application of an electrical current ,„ the 
at least the one elongated member. 



30 



614 



Conlcy Rnse& lason. Pi 



10 



,7% The svstem of claim 2780. further comprising a heat exchanger disposed external 
to the formation, wherem the heat exchanger is configured to heat the oxidizing fluid, 
.herein the conduit is further configured to provide the heated oxidizing fluid mto the 
opening during use. and wherein the heated oxidizing fluid is configured to heat at least a 
portion of the formation during use. 

2797. The system of claim 2780, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

7798. The svstem of claim 2780. further comprising an overburden casing coupled to 
the opening, wherein the ov erburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

, 5 ^799. The svstem of claim 2780. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

7800 The svstem of claim 2780, further comprising an overburden casing coupled to 
20 the opening, wherem a packing material is disposed at a junction of the overburden 
casing and the opening. 

2801 . The system of claim 2780, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially mh.b.t a 
flow of fluid between the opening and the overburden casing during use. 

-802. The system of claim 2780. further comprising an overburden casing coupled to 
30 the opening, wherein the overburden casing is disposed in an overburden of the 
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formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

2803. The system of claim 2780. wherein the system is further configured such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

2804. A system configurable to heat a coal formation, comprising: 

a heater configurable to be disposed in alt opening in the formation, wherein the 
heater is further configurable to provide heat to at least a portion of the formation during 



10 use; 



a conduit configurable to be disposed in the opening, wherein the conduit is 
configurable to provide an oxidizing fiuid from an oxidizing fluid source to a reaction 
zone in the formation during use, and wherein the system is configurable to allow the 
oxidizing fluid to oxidize at least some hydrocarbons at the reaction zone during use such 
that heat is generated at the reaction zone; and 

wherein the system is further configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a pyrolysis zone of the formation during use. 

2805 The svstem of claim 2804, wherein the oxidizing fluid is configurable to generate 
20 heat in the reaction zone such/that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

2806. The system of claim 2804, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 



">807 The svstem of claim 2804. wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 
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2808. The system of claim 2804. wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such that the conduit is not substantially heated by 
oxidation. 

5 2809. The system of claim 2804, wherein the conduit is further configurable to remove 
an oxidation product. 

/ 

28 1 0. The system of claim 2804, wherein the conduit is further configurable to remove 
an oxidation product, such that the oxidation p/oduct transfers heat to the oxidizing fluid. 

10 

281 1 . The system of claim 2804, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a (low rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 

15 28 1 2. The system of claim 2804. wherein the conduit is further configurable to remove 
an oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 



20 



2813. The system of claim 2804, wherein the conduit is further configurable to remove 
an oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

2814. The system of claim 2804. w herein the oxidizing fluid is substantially inhibited 
25 from flowing into portions of the formation beyond the reaction zone. 

2815. The system of claim 2804. further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use. and wherein the conduit is further configurable to remove an 

30 oxidation product during use. 
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2816. The system of claim 2804. wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

.817 The svstem of claim 2804. further comprising a conductor disposed in a second 
< conduit wherein the second conduit is disposed within the opening, and wherein the 
conductor is configurable to heat at least a portion of the formation during application ot 
an electrical current to the conductor. 

2818 The svstem of claim 2804. further comprising an insulated conductor disposed 
,0 within the opening, wherein the insulated conductor is configurable to heat at least a 
portion of the formation during application of an electrical current to the insulated 

conductor. 

2819. The system of claim 2804, further comprising at least one elongated member 
15 disposed within the opening, wherein the at least the one elongated member is 

configurable to heat at least a portion of the formation during application ot an electrical 
current to the at least the one elongated member. 
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2820 The system of claim 2804. further comprising a heat exchanger disposed external 
to the formation, wherein the heat exchanger is configurable to heat the oxidizing fluid, 
wherein the conduit is fiirther configurable to provide the heated oxidizing fluid mto the 
opening during use, and wherein the heated oxidizing fluid is configurable to heat at least 
a portion of the formation during use. 



28? 1 . The svstem of claim 2804. further comprising an overburden casing coupled to 
Reopening, wherein the overburden easing is disposed in an overburden of the 

formation. 

^822 The svstem of claim 2804. further comprising an overburden casing coupled to 
30 the opening, wherein the overburden casing is disposed in an ov erburden of the 
formation, and wherein the overburden casing comprises steel. 
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„ The svstem orc,a im 3,04. ^ comprising „ overburden castng coupled 

2824 The ^cm ofcWm 2804. further comprising . overburden erf* coupled u, 
casing and the opening. 

, 825 The svstem of cla.m 2804. further comprising an overmen ^ » 

28 , 6 The ^ of *ta 2804, ^ comprising an overburden cashed to 

'herein the overburden casing is disposed in an overburden of «he 
the opemt.g.v,hcrun the over overbu rde„ easing 

formation, wherein a packmg material ,s dtsposed a. a juncfon 
and the opening, and wherein the packmg material comprises eement. 

2827 The svstem of elatm 2804, wherein the svstem is further eonfiguraHe sueh that 

, „„olvzc a. least some hvdroearbons in the pyrolysts zone, 

transferred heat can pyiolyzc at teasi 

, S , 8 An in situ method for heating a coal formation, comprising: 

to a pyrolysis zone in the formation. 
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282^. The method of claim 2828, further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. 

5 2830. The method of claim 2828. further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 

2831. The method of claim 2828, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit disposed in the opening such that a rate of 

10 oxidation is controlled. 

2832. The method of claim 2828. further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time w ithin the reaction zone. 

15 

2833. The method of claim 2828, wherein a conduit is disposed in the opening, the 
method further comprising cooling the conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. 

20 2834. The method of claim 2828, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit. 

2835. The method of claim 2828, wherein a conduit is disposed within the opening, the 
25 method further comprising removing an oxidation product from the formation through 

the conduit and transferring heat from the oxidation product in the conduit to oxidizing 
fluid in the conduit. 

2836. The method of claim 2828, wherein a conduit is disposed within the opening, the 
30 method further comprising removing an oxidation product from the formation through 

v 
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the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. 

2837. The method of claim 2828, wherein a conduit is disposed within the opening, the 
5 method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product by the oxidizing 
fluid. 

10 2838. The method of claim 2828, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibiting the oxidation product from flowing into portions 
of the formation beyond the reaction zone. 

15 2839. The method of claim 2828. further comprising substantially inhibiting the 

oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

2840. The method of claim 2828. wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 

20 comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 

2841 . The method of claim 2828, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

25 

2842. The method of claim 2828. wherein heating the portion comprises apply ing 
electrical current to a conductor disposed in a conduit, wherein the conduit is disposed 
within the opening. 

30 2843. The method of claim 2828. wherein heating the portion comprises applying 
electrical current to an insulated conductor disposed within the opening. 
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2844. The method of claim 2828. wherein heating the portion comprises applying 
electrical current to at least one elongated member disposed within the opening. 

5 2845. The method of claim 2828. wherein heating the portion comprises heating the 
oxidizing fluid in a heat exchanger disposed external to the formation such that providing 
the oxidizing fluid into the opening comprises transferring heat from the heated oxidizing 
fluid to the portion. 

10 2846. The method of claim 2828. further comprising removing water from the formation 
prior to heating the portion. 

2847. The method of claim 2828, further comprising controlling the temperature of the 
formation to substantially inhibit production/of oxides of nitrogen during oxidation. 

15 

2848. The method of claim 2828, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

20 2 8 49. The method of claim 2828, further comprising coupling an overburden casing to 
the opening, w herein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

2850. The method of claim 2828. further comprising coupling an overburden casing to 
25 the opening, wherein the overburden casing is disposed in an overburden ot the 

formation, and wherein the overburden casing is further disposed in cement. 

285 1 . The method of claim 2828, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 

30 casing and the opening. 
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2852. The method of claim 2828. wherein the pyrolysis /one is substantially adjacent to 
the reaction /one. 

2853. A system configured to heat a coal formation, comprising: 

5 a heater disposed in an opening in the formation, wherein the heater is configured 

to provide heat to at least a portion of the formation during use; 
an oxidizing fluid source; 

a conduit disposed in the opening, wherein th? conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to a reaction zone in the formation during 
10 use, wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at the 
reaction zone during use such that heat is generated at the reaction zone, and wherein the 
conduit is further configured to remove an oxidation product from the formation during 
use; and 

wherein the system is configured to/allow heat to transfer substantially by 
15 conduction from the reaction zone to a pyrolysis zone of the formation during use. 

2854. The system of claim 2853. wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

20 

2855. The system of claim 2853, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 

2856. The system of claim 2853. wherein the conduit comprises critical flow orifices. 
25 and wherein the critical flow orifices are configured to control a flow of the oxidizing 

fluid such that a rate of oxidation in the formation is controlled. 

2857. The system of claim 2853. wherein the conduit is further configured to be cooled 
with the oxidizing fluid such that the conduit is not substantially heated by oxidation. 

30 
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2858. The system of claim 2853. wherein the conduit is further configured such that the 
oxidation product transfers heat to the oxidizing fluid. 

2859. The system of claim 2853. wherein a flow rate of the oxidizing fluid in the 
conduit is approximately equal to a flow rate of the oxidation product in the conduit. 

2860. The system of claim 2853, wherein a pressure of the oxidizing fluid in the conduit 
and a pressure of the oxidation product in the conduit are controlled to reduce 
contamination of the oxidation product by the oxidizing fluid. 

2861 . The system of claim 2853. wherein the oxidation product is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2862. The system of claim 2853, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2863. The system of claim 2853, further comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
the opening during use. 

2864. The system of claim 2853, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

2865. The system of claim 2853. further comprising a conductor disposed in a second 
conduit, wherein the second conduit is disposed within the opening, and wherein the 
conductor is configured to heat at least a portion of the formation during application of an 
electrical current to the conductor. 

2866. The system of claim 2853. further comprising an insulated conductor disposed 
within the opening, wherein the insulated conductor is configured to heat at least a 
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portion of the formation during application of an electrical current to the insulated 
conductor. 

2867. The system of claim 2853. further comprising at least one elongated member 
disposed within the opening, wherein the at least the one elongated member is configured 
to heat at least a portion of the formation during application of an electrical current to the 
at least the one elongated member. 

2868. The system of claim 2853, further comprising a heat exchanger disposed external 
to the formation, wherein the heat exchanger is configured to heat the oxidizing fluid, 
wherein the conduit is further configured to provide the heated oxidizing fluid into the 
opening during use, and wherein the heated oxidizing fluid is configured to heat at least a 
portion of the formation during use. 

2869. The system of claim 2853. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



2870. The system of claim 2853. further comprising an overburden casing coupled to 
20 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein the overburden casing comprises steel. 

2871 . The system of claim 2853, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



25 



2872. The system of claim 2853. further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 
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The svstcm of claim 2853. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing materia, is disposed at a junction of the overburden casmg 
and the opening, and wherein the packing material is configured to substantially inhibit a 
5 flow of fluid between the opening and the overburden Casing during use. 

2874 The system of claim 2853, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casmg 

,0 and the opening, and wherein the packing material comprises cement. 

2875 The svstem of claim 2853, wherein the system is further configured such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

, < o 876 A system configurable to heat a coal formation, comprising: 

a heater configurable to be disposed in an opening in the formation, wherein the 
heater is further configurable to provide heat to at least a portion of the formation during 

use; 

a conduit configurable to be disposed in the opening, wherein the conduit ,s 
20 further configurable to provide an oxidizing fluid from an oxidizmg fluid source to a 

reaction zone in the formatton during use. wherein the system is configurable to allow the 
oxidizing fluid to oxidize a, leas, some hydrocarbons at the reaction zone during use such 
tha, hea, is generated a, the reaction zone, and wherein the conduit is toher configurable 
,„ remove an oxidation product from the formation during use; and 

wherein the system is further configurable to allow hea, to transfer subs.an.tally 
by conduction from the reaction zone to a pyrolysis zone during use. 

,877 The svstcm ofclaim 2876, wherein the oxidizing fluid is configurable to generate 
hea, in the reaction zone such that the oxidizing fluid is transported .hrough the reacon 

30 zone substantially by diffusion. 
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,878 The svstem of claim 2876. wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 

, 87 9 The svstem of claim 2876. wherein the conduit comprises critical flow orifices. 
5 and wherein ihe critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

,880 The svstem of claim 2876. wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such that the conduit is not substantially heated by 

10 oxidation. 

2881 . The svstem of claim 2876. wherein the conduit is further configurable such that 
the oxidation product transfers heat to the oxidizing fluid. 

- 5 ,88- The svstem of claim 2876. wherein a flow rate of the oxidizing fluid in the 
conduit is approximately equal to a flow rate of the oxidation product in the conduit. 

,88. The svstem of Cairn 2876. wherein a pressure of the oxidizing fluid in the conduit 
and a pressure of the oxidation product in the conduit are controlled to reduce 
20 contamination of the oxidation product by the oxidizing fluid. 

2884. The svstem of claim 2876. wherein the oxidation product is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



25 



2885. The system of claim 2876, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



,886 The svstem of claim 2876. further comprising a center conduit disposed within 
the conduit, whercn center conduit is configurable to provide the oxidizing fluid into the 

30 opening during use. 
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2887. The system of claim 2876. wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

.888 The svstem of claim 2876. further comprising a conductor disposed in a second 
conduh wherein the second conduit is disposed vvUhin the opening, and wherein the 
conductor is configurable to heat at least a portion of the formation during application ol 
an electrical current to the conductor. 



2889 The system of claim 2876, further comprising an insulated conductor disposed 
,„ within the opening, wherein the insulated condnctor is configurable to hea, a, least a 

portion of the formation during application of an electrical current to the insulated 

conductor. 

2890 The svstem of claim 2876, furthey comprising at least one elongated member 
, s disposed within the opening, wherein the at least the one elongated member is 

configurable to heat at least a portion of the formation during application ot an electrical 
current to the at least the one elongated member. 

7891 The svstem of claim 2876, further comprising a heat exchanger disposed external 
to the formation, wherein the heat exchanger is configurable to heat the oxidizing fluid, 
wherein the conduit is further configurable to provide the heated oxidizing fluid mto the 
opening during use. and wherein the heated oxidizing fluid is configurable to heat at least 
a portion of the formation during use. 



20 



23 



7 89 7 The svstem of claim 2876. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 

formation. 

7893 The svstem of claim 2876. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 
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w The svstem or claim 2876. ta*cr comprising an overburden casing coupled u, 

openinu. therein the overburden casing is disposed ,n an overburden o. .he 
fon.ahon.'and wherein ,he overburden casing k further disposed in cement. 

5 1M5 The svstem of claim 2876. further comprising an overburden easing eoupied to 
the opening, wherein a packing material is disposed a, auction of the overburden 

casing and the opening. 

,„ , 8 96 The svs.cn, ofclaim 2876. fu,her comprising » overburden eas.ng coupled ,„ 
te opening, wherein ,he overburden casing is disposed in an overburden oi the 

and the opening, and wherein the packing material ,s configure ,o substanttally inhibit 
a flow of fluid between the opening and the overburden easing durtng use. 

" 2897 The svs, em of claim 2876, further comprising an overburden easing coupled to 

the opening, wherein the overburden casing is disposed in an overburden ot the 
tneopeni t ,,,.,,„...:„„ of ,he overburden casing 

formation, wherein a packing malcnal is disposed at a junction 
and the opening, and wherein the packing materia! comprises cemen, 

M 2898 The svstem ofclaim 2876, wherein the system is further configurable such tha, 
transferred hea, can pyro.yzc a. leas, some hydrocarbons in the pyroiysis Z one. 

• * iu fnr hf^tino a coal formation, comprising: 
9^99 An m situ method tor ncaun^ <i ^cu 

, 5 Lung a portion of the formation to a temperature sufficient ,„ support reaetton „ 
' hydrocarbons within the portion ofthe formation with an oxidi,ing fluid, wherein the 
portion is located substan.ially adjacent to an opening in the formation; 
providing the oxidizing fluid to a reaction zone in the formation; 
aflowing the oxidizing g,s ,„ react with at leas, a portion of the hydrocarbons at 
30 the reaction zone .0 generate heat in the reaction zone; 

removing a, least a portion of an oxidation product through .he opening; and 
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tr a„sfcrri„g ,1k gencrared hca, subs,a„,ially by conduc.ion Iron, ,hc reacrion zone 

to a pyrolysis zone in the formation. 

The method of claim 2S99. farter composing transporting *e oxidizing fluid 

5 through the reaction zone by diffusion. 

,901 The me,hod of claim 2890. further comprising direcing a, leas, a portion of the 
oxidizing fluid in,o the opening Ihrough orifices of a condui, disposed in the open.ng. 

I0 ,90, The me,hod of claim 2899. further comprising controlling a flow ofthe oxidizing 
fluid with critical flow orifices of. condui, disposed in the opening such ,ha, a rate o, 

oxidation is controlled. 

2903 The method of claim 2899. further comprising increasing a flow of the oxidizing 
, 5 n U1 d in the opening to accommodate an increase in a volume of the reaction zone such 

that a rate of oxtdation is substantially maintained within the reaction zone. 

2904 The method of claim 2899, wherein a conduit is disposed in the opening, the 
me thod further comprising cooling the conduit with the oxidizing fluid such that the 
conduit is not substantially heated by oxidation. 

2905 The method of claim 2899, wherein a conduit is disposed within the opening, and 
wherein removing at least the portion of the oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the conduit. 

,906 The method of claim 2899. wherein a conduit is disposed within the opening, and 
herein removing at least the portion of the oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the conduit, the 
me thod further comprising transferring substantial heat from the oxidation product in the 
30 conduit to the oxidizing fluid in the conduit. 
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,„ )7 The method of claim 2899. wherein a conduit ,s dtsposcd within .he openmg. 
wherein remove a, leas, U* P-ruo,, ofthc oxidation produc, through the openmg 
uprises removmg a, least the ponton of the oxidat.on product through the condut, and 

^ a How rate of the m mm »»" * ** b V****** "»* '° * 

5 rate of the oxidation product in the conduit. 

2,08 The method of claim 2899, wherein a conduit is disposed with.n the opening, and 
wherein removing at leas, the port*, of the oxtdation product through the openmg 
comprises removing at ieas, the portion of the oxtdation produc, through the condutt. the 
,0 method further comprising controlling a pressure between the oxidizmg flutd and the 
oxidation product ,n the conduit ,„ reduce contamination of the oxidation product by the 
oxidizing fluid. 

2909 The method of claim 2899. wheiein a conduit is disposed within the openmg. and 
.herein removing at least the portion of the oxidation product through the openmg 
comprises removing at least the portion of the oxidation product through the condu.t, the 
method further comprising substantially inhibiting the oxidation product from flowing 
portions of the formation beyond the reaction /.one. 



15 
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20 7910 The method of claim 2899, further comprising substantially inhibiting the 

oxidizing fluid trom flowing into portions of the formation beyond the reaction zone. 

291 1 The method of claim 2899. wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
„ comprisina providing the oxidizing fluid into the opening through the center conduit and 
removing at least a portion of the oxidation product through the outer conduit. 

2912. The method of claim 2899. wherein the portion of the formation extends radially 
from the opening a w idth of less than approximately 0.2 m. 

30 
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,o P, The method ol- Cairn 2899. wherein heating the portion comprises applying 
Cectrical current u> a conductor disposed in a conduit, wherein the conduit is d.sposed 

within the opening. 

5 ,914 The method of claim 2899. wherein heating the port,on comprises applying 
electrical current to an insulated conductor disposed within the opening. 

,915 The method of claim 2899. wherein heating the portion composes applying 
electrical current to a, leas, one elo„ e a,ed member disposed within the opening. 

,9,6 The method of claim 2899. wherein heating the portion comprises heating the 

fluid in a hca, exchanger disposed external to the Nation such tha, provtdmg 
the oxidizing fluid into the opening composes transtemng heat from the heated ox.dtzmg 

fluid to the portion. 

29, 7. The method of claim 2899. further comprising removing water from the formation 

prior to heating the portion. 

„„ The method of Cairn 2899. further comprising controlling the temperature of the 
„ formation to substantially inhibit product of oxides of nitrogen during oxtdatton. 

,9,9 The method of claim 2899. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 



formation. 



^0 I he method of claim 2899. further comprising coupling an overburden casmg to 
the opening, wherein the overburden casing is disposed in an overburden ot the 
formation, and wherein the overburden casing comprises steel. 
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,„ , The method of ciaim » further comprising couphng an overburden -"8 ><> 
^opening, wherein the overburden casing is disposed m an overburden o. .he 
tormali „„ and wherein the overburden casmg ,s further disposed in cemen,. 

5 ^ The method of claim 2899. further comprising coupling an overburden easing u, 
Opening, where.n a packing materia, is d.sposed a, a ^ of .he overburden 

casing and the opening. 

292 , The method .febb. m .he pyroiysrs zone is subs.an.iaOy adjacent ,o 

10 the reaction. 

nn A svslem configured lo heat a eoal formation, comprising: 
" an eiectrtc hea.er disposed in an opening in the formation, where,,, the eiectr.c 
heater is configured to provide heat to a, iea* a portion of *c Nation dur.ng use: 
1S a n oxidizing fluid source; 

a conduit d,s P osed in the opening, wherein the condut, ts configured to pro ,de an 
Sizing fluid from the oxidizing fiuid source ,o a reaction zone in the formation durmg 
L and where, the Sizing fiuid is se.ected to oxidize a, ieas, some hydrocarbons a. 
Reaction zone during use such that heat is generated at the reaction zone: and 
wherem .he system is configured to afiow beat to transfer substant.ally by 

29 o 5 The svs.em ofeiaim 2924. wherein the oxidizing fluid is configured to generate 
hi; in the reaction zone sueh tba, .he ox,d,zi„g fiuid is .reported .hrough .he reacon 
25 zone substantially by diffusion. 

w The svs.em of Cairn 2924. .vherem .he eondu,, comprises orifices, and wherein 
me onfices a're configured ,o provide the oxidizmg fiuid ,n,o the openmg. 
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W svs.cn, of claim 2924. wheretn » — «*-• 

^ crifical flow on,",., a, ^ » — • - **» «*"» 

fiuid such that a rale of ox,da,ion in the formation is controlled. 

, The svs.cn, of clatm 2924. wherein the conduit ts further confined to he cooled 

I*, the ox,d,in 8 fluid such tha, the conduit is no, substantially heated by ox,da„„n. 

292 9. The system of claim 2924. wherein the condu,, is further configured ,o remove an 

oxidation product. 

10 , 930 The svsten, of claim 2924. wheretn ,hc conduit is further configured to remove an 

293 , The svsten, of claim 2924. wherein the condut. ts further configured ,o remove an 
„ oxidation product, and wherein a flow rate of ,he oxid.ing fluid in the conduit ts 
approx.ma.e.y eo.ua! to a flow rate of the oxidation product in the condutt. 

29P The svstem of ciaim 2924. wherein the condui, is further configured to remove an 
20 pLureoftheoxidationproductin.h.eonduitarecontronedtoreducecon.n.nattono, 
the oxidation product by the oxidizing fluid. 

2933 The svstent of claim 2924. wherein the condui, is further configured ,„ remove an 
oxidation product, and wherein the oxidatton product is subs,an,ia„y inhibited from 
25 flowing into portions of the formation beyond the reactton .one. 

The svstcm of claim 2924. whercn the oxidi,mg fluid ,s substantially inhibited 
from flowing into portions of the formation bey ond the reactton zone. 

„ ,93, The svstcn, of Cairn 2924, further comprising a center condui, disposed whhtn 
I condu, wherein the center condutt is configured to provide the oxidi.ng flutd tnto 
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the opening during use. and wherein the eonduit is further configured to remove an 

oxidation product during use. 

2936. The system of claim 2924. wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

2937. The system of claim 2924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 

formation. 

2938. The svstem of claim 2924. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

, 5 2939. The svstem of claim 2924. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2940 The svstem of claim 2924. further comprising an overburden casing coupled to 
20 the opening, wherein a packing material is disposed at a junction of the overburden 

casing and the opening. 

2941 . The system of claim 2924. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
„ formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
How of fluid between the opening and the overburden casing during use. 

2942. The svstem of claim 2924. further comprising an overburden casing coupled to 
30 the opening, w herein the ov erburden casing is disposed in an overburden of the 
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nation, where, a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

,943 The svslem of claim 2924, wherein the system* further configured such that 
5 transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis /.one. 

2944 A system configurable to heat a coal formation, comprising: 

an electric heater configurable to be disposed in an opening in the formation, 
wherein the electric heater is further configurable to provide heat to at least a portion ot 
l0 the formation during use. and wherein at least the portion is located substantially adjacent 

to the opening; m , 

a conduil configurable to be disposed in the opening, wherein the condutt ,s 
further configurable to provide an oxidizing fiuid from an oxidtzing fluid source to a 
reaction zone in the formation during**, and where.n the system is configurable to 
, 5 allow the oxidizing fluid to oxidize a. leas, some hydrocarbons a, the reaction zone 
during use such that heat is generated at the reaction zone; and 

wherein the svstem is further configurable to allow hea, to transfer substanttally 
by conduction from the reaction zone to a pyrolysis zone of the formation during use. 

20 ,945 The svstem of claim 2944. wherein the oxidizing fluid is configurable to generate 
hea. in the reaction zone such that the oxidizing fluid is transported through the reaCon 

zone substantially by diffusion. 

,946 The svstem of claim 2944. wherein the conduit comprises orifices, and wherein 
25 the orifices are configurable to provide the oxidizing fluid into the opening. 

,947 The svstem of claim 2944, wherein the conduit comprises critical flow orifices, 
and wherein the critical How orifices are configurable to control a flow of the oxidizing 
fiuid such that a rate of oxidation in the formation is controlled. 

30 
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r ,, im ^944 therein the conduil is further configurable to be 

~huk The svslcm ot claim \\u^ 

oxidation. 

M4 , The _ or claim 2944. where, the condu,, * ft*. '» ^ 

an oxidation product. 

2950 The svstem of claim 2,44. wherern ,hc condutt is further configurable to remove 

° „< , The svstem or Cairn 2944. where. the con** is further confine » — 
oxid n product, and where.n a now rate of the oxidizing « ir,he ^ . 

, , -,,,944 wherein the conduit is further configurable to remove 
,he oxidation product by the oxidtang fluid. 

29 ,3 The svstem of Catm 2944. wherern the conduit ,s further conftgurabie to remove 
20 U and wherein the oxidauon product , —a,,, mhtbtted from 

flowing into port.ons of the formation beyond the reaction zone. 

, , k , ra ,<M4 wherein .be oxidising .laid is substantially inhibited 
OQS4 The svstem ot claim iv<+-+. win. 

fthP formation bevond the reaction zone. 
25 from flowing into port.ons of the formation , 

u , f claim ">944 further comprising a center conduit disposed within 
tCur,„ g use,„d wherern rhe condu.t.s further conftgurable ,„ remove an 
30 oxidation product during use. 
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^ The s^m ofd-m »* <* " nhC ,0ma,< '" CXM,JS ri,dm " y 

from the opening a width oflcss than approximately 0.2 m. 

2 „ 57 The svstem of «W» 2944. further comprising an overburden casing coupled ,„ 
, the opening, wherein the overburden casmg is dtsposed in an overburden „, the 

formation. 

„„ The svstem of Cairn 2944. further comprising an overburden casmg coupied «o 
opening, 'wherein the overburden casing h disposed in an overburden o, the 
,. formation, and wherein the overburden easing compnscs steel. 

^ The svstenr of c,a,m 2944. further eomprising an overburden easing eoupled ,o 
me openmg. wherein the overburden easing is disposed in an overburden .» the 
formats, and wherein the overburden casing is further disposed ,n centen, 

" ,o 60 The svstem of Carm 2944, further comprising an overburden casmg coupled to 
„, opening, wherein a pacing materia, ,s d^sed at a junct.on of.be overburden 
casing and the opening. 

20 The svstem of efatm 2944. further comprising an overburden casing coupled ,o 

me opening, wherein the overburden casing is d.sposed in an overburden of the 
HLo, wherein a pacUng materia, is disposed a, a .auction of the overburden cas g 
Z the opening, and wherein the packing materia, is conftgurab.e ,o substanualW tnhtb,, 
a flow of fluid between the opening and ,he overburden casing dunng use. 

25 ^ The svstem of Cairn 2944. further comprismg an overburden easing coup.ed to 
me opening, wherein the overburden casing is disposed in an overburden „, the 
llln. wbercm a packing materra, is deposed a, a .unc.on of the overburden eas.ng 
and the opening, and wherein the paekrng materia, comprises cemem. 
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" conductor disced in a firs, eondui, herein the fca -dun „ ^ 

least a portion of the formation during use; 
an oxidizing fluid source: 

a second condu.t disposed in the opening, where.n the second eondu,, 

! id= an oxidizinu fluid from .he oxidizing fluid source u> a reacuon 
0 configured to provide an oxtdi/Jnt i ^ 

*** in * — *** - - ~* "" ,S I s general a, the 
,eas, some hydrocarbons a, the reac.ion zone dunng use such ft, ^ 

, U65 The svs, m of c,ai,n 2964. «,ere,n the oxidizing fluid is, configured to generate 
296,. Ihe system ^ ^ ^ reacl , on 

heat in the reaction zone such that d.c oximzin 0 
zone substantially by diffusion. 

20 ^ The svstent of clatm 2964. .herein the second conduit comprises orifices, and 

, W The svstem of claim 2964. wherein ihe second conduit comprises cnncal Hc»- 
„ "orifices, and where.n the crtt.ca, flow orifices are configured ,„ control flow 

, %8 The svstem ofclaim 2964. wheren the second condui. is further configured ,„ he 
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10 



2969. The system of claim 2964. wherein the second conduit is further configure 

remove an oxidation product. 

,970 The svstem of claim 2964. wherein ,hc second conduit is further conligured to 
5 remove an oxidation product such that the oxidation product transfers heat to .he 

oxidizing fluid. 

0971 The system of claim 2964. wherein the second conduit is further configured to 
remove an oxidation product, and wherein a How rate of the oxidizing fluid in the conduit 
is approximately equal to a How rate of the oxidation product in the second conduit. 

297 , The svstem of claim 2964. wherein the second conduit is further configured to 
rem0 ve an oxidation product, and where*' a pressure of the oxidizing fluid in the second 
conduit and a pressure of the oxidation product in the second conduit are controlled to 
reduce contamination of the oxidation product by the oxidizing fluid. 

09.3 The svstem of claim 2964. wherein the second conduit is further configured to 
remove an oxidation product, and wherein the oxidation product is substantially inhibited 
from flow ing into portions of the formation beyond the reaction zone. 

2974. The system of claim 2964, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

The svstem of claim 2964, further comprising a center conduit disposed w ithin 
the second conduit, wherein the center conduit is configured to provide the oxidizing 
fluid ,nto the opening during use, and wherein the second conduit is further configured to 
remove an oxidation product durjng use. 

2976. The system of claim 2964. wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 
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2977. The system of claim 2964. further comprising an overburden casing coupled to 
the opening, wherein the overburden easing is disposed in an overburden of the 



formation. 



5 2978. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

2979. The system of claim 2964, further comprising an overburden casing coupled to 
,0 the opening, wherein the overburden easing is disposed in an overburden of the 

formation, and wherein the overburden casing is further disposed in cement. 

2980. The system of claim 2964. further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at ajunetion of the overburden 

1 5 casing and the opening, 

2981. The sy stem of claim 2964. further comprising an overburden easing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at ajunetion of the overburden casing 

20 and the opening, and wherein the packing material is configured to substantially mhibit a 
flow of fluid between the opening and the overburden casing during use. 

2982. The system of claim 2964. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at ajunetion of the overburden easing 
and the opening, and wherein the packing material comprises cement. 

2983. The system of claim 2964. wherein the system is further configured such that 
transferred heat can pyrolvze at least some hy drocarbons in the pyrolysis zone. 

2984. A svstem configurable to heat a coal formation, comprising: 
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. conductor configure u, be disposed in a fin, condui,. •»» 
conduit ,s configurable u, be disposed in an ^ ™ the formatton. and wherctn the 
enductor ,s hft. confab,- ,„ provide hea, to a, leas, a porto. -matton 

, Second condui, confine ,o be deposed in .be opening, wherein ,hc second 

conduit is further configurable ,o provide an oxidizing kid from an oxidrzing flutd 
source ,o a reaction zone ,n ,he fonnation during use. and wberein ,he system .s 
configurable ,o allow .he oxidizing fluid .0 oxidize a. leas, some hydrocarbons a, .he 
r eae.ion zone dunng use such ,ha. hea, ,s general a. ,he reae.ion zone; and 

wherein ,he system ,s further configurable ,0 allow hea, ,0 .rans.er subs.antta.lv 
by conduction fro.n ,hc reacon zone .„ a pyrolysis zone of .he formation during use. 

,o 85 The system of clain, 2*4. whereinthe oxid.zing Raid is configurable ,0 generate 
„ca, in .he reae.ion zone such .ha, .he oxidizing fluid ,s transported through ,he reactton 

,5 zone substantially by diffusion. 

,986 The svs,em of claim 2«4. wherein ,he seeond condui, comprises orifices, and 
"wberein ,he Orifices are configurable ,„ provide ,be oxidizing fluid in.o the opentng. 

20 , 987 The system of clatm 2984. wherein ,he seeond condui, composes critical flow 
"onto, and wherein ,he critical flow orifices are configure ,0 control a flow of the 
oxidizmg fluid such that a rate of oxidation in the formation ,s controlled. 

,988 The svs.em of claim 2,84. wherein the seeond condui, is further configurable ,0 
25 be cooled with the oxid.ztng fluid ,0 reduce beating of the second eondut, by „x,da„o n . 

,989. The system of claim 2984. wherein the second condui, is further configurable ,0 

remove an oxidation product. 



642 



Conlcy. Rosc&Ta\on. PC 



,990 The svs.cn of claim 2984. wherein the second conduit is further configurable to 
remove an oxidation product such that the oxidation product transfers heat to the 
oxidizing iluid. 

2991 The system of claim 2984. wherein the second conduit is further configurable to 
remove an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit 
is approximately equal to a flow rate of the oxidation product in the second conduit. 

299^ The svstem of claim 2984, wherein the second conduit is further configurable to 
remove an oxidation product, and wherein a pressure of the oxidizing fluid in the second 
conduit and a pressure of the oxidation product in the second conduit are controlled to 
reduce contamination of the oxidation product by the oxidizing fluid. 

2993 The system of claim 2984, wherein the second conduit is farther configurable to 
15 remove an oxidation product, and wherein the oxidation product is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2994. The system of claim 2984, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 
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2995 The svstem of claim 2984, further comprising a center condui, disposed wrthrn 
the second eondurt. wherein ceme, conduit is configurable to provide the uidian, tlu.d 
into the opening during use. and wherern .he second conduit is further configurable to 

remove an oxidation product during use. 

2996. The system of claim 2984. wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

,997 The svstem of claim 2984. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 

rurmation. 
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,*» The svsicn of claim 2984. further co„,pr,sin e . overburden «^ » 
me opening, vvhercin ftc overburden casing is disposed ,n an overburden oi the 
formation, and wherein Che overburden easing eompnses steel. 

5 , W The system of cla,nt 2984. further comprising an overburden easing eoupled ,» 
fte opening, wherein the overburden casing ts disposed in an overburden of ft. 
formation, and wherein the overburden easing is further disposed in eement. 

, 0 ^ The svstem ofeiaim 2984. further comprising an overburden eastng eoupied to 

casing and the opening. 

,00, The system of claint 2984. further eompnsing an overburden easing coupled to 
15 me opening, wherein the overburden easing is disposed in an overburden of the 

l ,,on wherein a pacing materia, is disposed a, action of the overburden eastng 
InTthe opentng. and where, the pacing materia, ,s conflgurabie to substantially ,nh,b„ 
, „„w of fluid between the opening and the overburden easing dunng use. 

„ 300^ The svstem of e,aim 2984. further eomprismg an overburden easing eoupled to 
" the opening, wherein the overburden easing is disposed in an overburden of the 

iLon. wheretn a pae.ng materia, ,s disposed a, a tunetion of the overburden eastng 
and the opening, and wheretn the packing materia, comprises cement. 

„ m , The svstem of e.aim 2984. wherein the system is further configure such that 
transferred hea, can pyrolv.e at ,eas, some hydrocarbons in the pyro,ys,s ,„ne. 
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-,004 An in situ method for heating a coal formation, composing: 

' heanng a portion of the formation to a temperature sufficient to support rcacnon 
„ f hvdroearbons w.thin ,1, portion of the formation with an oxid.ing fuid. where.n 

- im prres applvim. an e,eetr,ca, current to a conducior disposed in a „rs, eondu.t 

heaunn compass appi> 



644 



C'ontcv. Rose & Tayt-n. P C 



HPCn '"^rovidin.. .he oxidizing tM » « —ion zone to .he fem-io* 

P . nJ , , with at least a portion of the hydrocarbons at 

allowing the oxidizing fluid lo react V.1U1 a> I 

to a pyrolysis zone in the formation. 

3„„ 5 . The method of claim 3004. further comprise transporting the oxidizing fluid 

,0 through the reaction zone by diffusion. 

,„„ 6 The method of claim 3004. further comprising dtree.ing a, leas, a portion of the 
0 I iz ,„ e „ ui d,„,„.heo P en,g,hr„u g hori fl cesofasec„ndeondu,,di 5 posed,n,he 

opening. 

15 3007 The method of Cairn 3004. further comprismg controlling a ^ 

„1 cvtth eritica, flow orifices of a second conduit disposed in the open.ng such that 
rate of oxidation is controlled. 

20 3008 The tnethod of c,a, m 3004, further coding increasing a flow of the ox.dizing 
I in the opening to achate an increase in a ,o,unre of the reactton zone such 
Z rate of oxidafon is substantia,, constant over time within the reactton zone. 

,„ The method of Cairn 3004. wherein a second eondu,, is disposed in the opening. 

• • r , ,h^«-ond conduit with the oxidizing tluid to 
, 5 the method further comprising cooling the second 
reduce heating of the second conduit by oxidation. 

3010 The method of claim 3004. wherein a second conduit ,s 

opening, the method further conning removing an oxidation product irom the 

30 formation through the second conduit. 
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,01 1 The method of claim J004. wherein a second conduit is disposed w„hm the 
opening the method further comprismg removing an oxidation product trom the 
formation through the second condui, and transfers hea, from the oxidatton product ,n 
the conduit to the oxidizing lluid in the second conduit. 

30P The method of claim 3004, wherein a second condui. is disposed within the 
opening, the method further comprising removing an oxidation product from the 
forma,™ through the second conduit, wherem a flow rate of *e oxidrzing fluid tn the 
second condui. ,s approximate^ equal to a flow ra.e of the oxidation product ,n the 

0 second conduit. 

3013 The method ordain, 3004. wherein a second condu,. ts disposed within the 
opening, the method further comprising removing an oxrda.ion product from the 
formation .hrough the second condu,. and control. m a pressure between ,he oxutaog 
, 5 fluid and.he oxidaUon produc, in ,he second co*>ui, ,o reduce eon.amina.ton of the 
oxidation product by the oxidizing fluid. 

3014 The method of claim 3004, wherein a second conduit is drsposed within the 
opening, the method further comprising removing an oxidation product from the 
2 „ fixation through the conduit and suhstamtalW inhibiting .he oxidatton produc, from 
flowing into portions of me formation beyond the reaction zone. 

30. s The method of claim 3004. further comprising substantially inhibiting the 
oxidtzing fluid from .lowing into portions of the formation beyond the reactton zone. 



30,6 The method of claim 3004, wherem a center conduit is disposed within an outer 
conduit and wherem the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center condu. and 
removing an oxidation product through the outer conduit. 
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3017. The method of claim 3004. wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

301 8. The method of claim 3004. further comprising removing water from the formation 
prior to heating the portion. 

3019. The method of claim 3004, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 

10 3020. The method of claim 3004, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

302 1 . The method of claim 3004/further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



15 
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3022. The method of claim 3004, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3023. The method of claim 3004, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3024. A system configured to heat a coal formation, comprising: 

an insulated conductor disposed in an opening in the formation, wherein the 
insulated conductor is configured to provide heat to at least a portion of the formation 

during use; 
30 an oxidizing fluid source; 
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. condui, disposed i, .he opening. wherein .ho conduu is configured ,„ prov.de an 
„xidiz,„g flu.d iron, ,he oxidizing fluid source u, a reacfion zone ,n ,he formauon dunng 
US c and wherein «* oxidizing lluid ,s sclcc.cd u, ox,d,z.e a, ,eas, so m e hydrocarbons a, 
th c reaction zone during use sueh .ha, hear is general a, .he reae.ion zone: and 

wherein the svs.em is configured .o allow hea, .0 .ransfcr subs.anually by 
conduction from .he reae.ion zone .0 a pyrolysis zone of .he forma.ion dunng use. 

3025 The svstem of claim 3024, wherein the oxidizing fluid is configured to generate 

^ tw the oxidizin" fluid is transported through the reaction 
heat in the reaction zone such that the oxiaizin c nuiu 

zone substantially by diffusion. 

The svs,em of claim 3024. w herein .be eondui. comprises orifices, and wherein 
,he orifices are configured ,o provide .he oxidizing fluid in.o ,he opening. 

„ ,027 The svstem of claim 3024. wherein .he condui. comprises critical flow orifices. 
' and where.n .he cri.ieal flow orifices are configured .o eon.ro. a flow of ,he oxid.zmg 
fluid such .ha. a rate of oxidalion in the formation is con.rolled. 

3028 The system of claim 3024. where.n .he condui. is configured ,„ be cooled wi.h .he 
20 oxidizing fluid such tha. the conduit ,s no, substantially heated by oxidat.on. 



10 



3029. The system 
oxidation product. 



of claim 3024. wherein the conduit is further configured to remove an 



e an 



,030 The svstem of claim 3024. wherein the eondui. is further configured to rcmov 
„x,da,ion product, and wherem the conduit is further configured sueh ,ba, .he oxidation 
product transfers substantial heat to the oxidizing fluid. 

303 , The svstem of Cairn 3024. w herein the conduit is further configured to remove an 
30 „x,da,,o„ product, and wherein a flow rate of the oxidizing fluid in the condu.t ,s 
approximately equal to a llow rate of the oxidation product in the condu... 

^ Conlcv. Rose &. Ta\on. PC 
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wr The svstem of claim 3024. wherein .he condui, is further configured U, remove an 
oxitoion prodnc, and wherem a pressure o, ,h= oxidizing fluid ,n .he second 
a pressure of .he oxida.ion produc. ,n ,he condui. are eon.rolled to reduee contamtna.ton 
of the oxidation product by the oxidizing fluid. 

3033 The system of claim 3024, wherein the con<rui. is further configured to remove an 
oxidation product, and wherein the oxidation product is substantially inhibUed trom 
flowing into portions of the formation beyond the reaction zone. 

3034. The system of claim 3024. wherein me oxidizing fluid is substantially inhtbited 
„„ m flowing into portions of the formation beyond the reaction zone. 

3035 The svstem of claim 3024. further comprising a center conduit disposed within 
the conduit, wherein the center condui. is configured to provide the oxidizing fltud tnto 
the opentng during use. and wherein the condui, is further configured to remove an 
oxidation product during use. 

3036. The system of claim 3024. wherem the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3037 The svstem of claim 3024. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 

formation. 

3038 The svstem of claim 3024. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 
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3039. The svstem of claim 3024. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3040. The system of claim 3024. further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3041. The system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 

3042. The system of claim 3024. f/rther comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

20 3043. The system of claim 3024, wherein the system is further configured such that 
transferred heat can pyrolyzc at least some hydrocarbons in the pyrolysis zone. 

3044. A system configurable to heat a coal formation, comprising: 

an insulated conductor configurable to be disposed in an opening in the formation. 
25 wherein the insulated conductor is further configurable to provide heat to at least a 
portion of the formation during use: 

a conduit configurable to be disposed in the opening, wherein the conduit is 
further configurable to provide an oxidizing fluid from an oxidizing fluid source to a 
reaction zone in the formation during use. and wherein the system is configurable to 
30 allow the oxidizing fluid to oxidize at least some hydrocarbons at the reaction zone 
durinu use such that heat is generated at the reaction zone: and 
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therein the svstem is further configurable ,o allow ho to transfer subs,an,ially 
by conduc.ion Iron, .he rcac.ion zone lo a pyro.ysis zone of .ho formation durmg use 

W , The svs.em of claim 3044. wherein the oxidizing fluid b configurable ,o generate 
5 h ea, in the reaction zone such tha, the oxidizing lluid is transported through .he reacl.on 
zone substantially by diffusion. 

3046. The svstem of claim 3044, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidising fluid into the opening. 

3047 The svstem of claim 3044, wherein the conduit comprises critical flow orifices, 
and wherein ihe critical flow orifices are configurable to control a flow of the oxidizmg 
fluid such that a rate of oxidation in the formation is controlled. 

15 3048 The svstem of claim 3044. wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such that the conduit is not substantially heated by 



oxidation. 



of claim 3044, wherein the conduit is further configurable to remove 



3049. The system 
20 an oxidation product. 

.050 The svstem of claim 3044. wherein the conduit is further configurable to remove 
an oxidation product, such that the oxidation product transfers hea. to the oxidizing flu.d. 

, s 305 1 The svstem of claim 3044. wherein the conduit is further configurable to remove 
an oxidation product, and wherein a flow rate of the oxidizing fluid in the condun ,s 
approximately equal to a flow rate of the oxidation product in the condu... 

305- The svstem ofclaim 3044. wherein the conduit is further configurable to remove 
30 an oxidation product, and wherein a pressure of the oxidizing fluid in the condu,, and a 
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pressure of the oxidation product in ,1k oondui, arc conirolled u, reduce contamination of 
the oxidation product by the oxidizing lluid. 

3053 The svstem ofclaim 3044. where, the eondu,, is further configurable ,o remove 
, an oxidation product, and wherein the oxidation product ,s substantially inh.bi.ed bom 

flowing into portions of the formation beyond the reaction zone. 

3054 The svstem ofclaim 3044. wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

305, The svstem of chin, 3044. further comprising a center conduit disposed within 
the condu,,. wherein center conduit is configurable to provide the „xid,z,n 8 fluid into the 
opening during use, and wherein the conduit is further configurable to remove an 
oxidation product during use. 

' 5 3056. The system of eiaim 3044, herein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3057 The svstem of claim 3044. further comprising an overburden easing coupled to 
2 „ the opening, wherein the overburden casing is disposed in an overburden ol the 

formation. 

3058 The svstem ofclaim 3044, further comprising an overburden casing coupled to 
the opening, wherein the overburden easing is disposed in an overburden of the 

25 formation, and wherein the overburden casing comprises steel. 

,05, The svstem of claim 3044. further comprising an overburden casing coupled to 
the openinu. wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing i» further disposed ,n cement. 
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3060 The svs.cn, of claim 3044. further oompristng an overburden castng coupled ,o 
lhc opening, wherein a packing matcna, is disposed a, a junction of ,hc overburden 

casing and the opening. 

3061 The svstem of claim 3044. further comprising an overburden casing coupled to 
,he opening, wherein the overburden casing is disposed in an overburden of .he 
formation, wherein a packing materia, is disposed at auction of ,he overburden castng 
and the opening, and wherein the packing matena, is configurable to substantially inhtb.t 
a flow of fluid between the opening and the overburden casing durtng use. 

306? The svstem of claim 3044. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing matenal ,s disposed a. ajunction of the overburden castng 
and the opentng. and wheretn the packing material comprises cement. 

3063 The svstem of clatm 3044, wh'erein the system is further configurable such tha, 
transferred heat can pyrolyze a, leas/ some hydrocarbons in the pyrolysis zone. 

3064 An in situ method for hcadng a coal formation, comprising: 

heating a portton of the formation to a temperature sufficient ,„ support reactton 
of hvdrocarbons within the portion of the formation with an oxidtzing fluid, wheretn 
heating comprises applying an electrical current to an insulated conductor ,„ provide hea, 
, 0 the portion, and wherein the insulated conductor is disposed within the opentng; 

providing the oxidizing fluid to a reaction zone in the formation: 

allowing the oxidizing fluid to react with a. leas, a portion of the hydrocarbons a, 
the reaction zone to generate heat at the reaction zone: and 

transferring the generated hea, substantially by conduction from the reaet.on zone 

to a pyrolysis /.one in the formation. 

w 3065. The me.hod of claim 3064. further comprising transporting the oxidizing fluid 

throuuh the reaction /.one by diffusion. 
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,066 The method of claim 3064, further comprising directing at least a portion of the 
oxidizing fluid into ,l,e opening through orifices of. conduit disposed in the open.,* 

, ,067 The method of claim 3064, further comprising controlling a Dow of the oxidizing 
fiuid with critical flow orifices of a conduit disposed in the opening such that a rate „l 

oxidation is controlled. 

3068 The method of clrim 3064. father comprising increasing a flow of the oxidizing 
„ fluid in the opening to accommodate at, increase in a volume of the reaction Z o„e such 

fa, a rate of ox.da.ion is substantially eons.au, over time within the reacttou zone. 

3069 The method of claim 3064. wherein a conduit is disposed in the opening, the 
method further comprising cooling the conduit wtth the oxidizing fluid ,o reduce heattng 

1 5 of the conduit by oxidation. 

3070 The method of clatm 3064. wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 

the conduit. 
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3071 The method ofc.aim 3064. wherein a conduit ,s disposed withtn the opemng. the 
method further comprising removing an oxidation product from the fomtalion through 
,he conduit and transferring heat from the oxidation product in the condut. to the 

oxidizing fluid in the conduit. 

W The method of claim 3064. wherein a conduit is disposed within the opening, the 
me thod further comprising moving an oxidation product from the formation through 
the conduit, wherein a How rate of the oxidizing fluid in the conduit is approximately 
equal to a How rate of the oxidation product in the conduit. 
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, 071 The of claim 3064. where, a condu,, is d.sposcd with,,, .ho openmg. *c 

ro cihod further comprising removing an oxidat.on produc, from .he —on through 
lh e condu,, and calling a P-surc bc.wecn the „xid, Z ,ng fluid and .he nxidaoon 
pr „duc, in the condu,, to reduce con,a„„na,i„n of the oxidation product by the „>,d,,„g 
5 fluid. 

3074 The method of claim 3064. .herein a conduit is d.sposed within the opening, the 
method further comprising removing an ox.dation product from the formation through 
the conduit and substantially inh,b,,ing the oxidation product from flowing into porttons 

10 of the formation beyond the reaction zone. 

3075 The method of claim 3064. further comprise substantially inhibiting the 
exiting llutd from flowing into ponions of the formation beyond the rcactton .one. 

I5 3076 The method of claim 3064, wherein a eenter condu,, is disposed wi.hin an outer 

eompristng providing the „x,dizing fluid into the opening through the center condutt and 
removing an oxidation product through the outer condutt. 

2q 3077. The method of Cairn 30* «* 

from the opening a width of less than approximately 0.2 m. 

3078. The method of claim 3064, further comprising removing water from the formation 

prior to heating the portion. 

3070 The method of claim 3064. further comprising controlling the temperature of the 
nation ,„ substantially inhibit production of oxides of nitrogen during ox,da„on. 

3080 The method of claim 3064. further comprising coupling an overburden casing to 
the opening, wherein the overburden easing is disposed in an overburden ot the 
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^(,81 The method of claim 3064. further comprising coupling an overburden casmg to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3082 The method of claim 3064, further comprising coupling an overburden casmg to 
the opening, wherein the overburden casmg is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

10 3083 The method of claim 3064. further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3084. The method of claim 3064. wherein the pyrolysis zone is substantially adjacent to 
1 5 the reaction zone. 



3085 An in situ method for heating a coal formation, comprising: 

heating a portion of the formation to a temperature sufficient to support reaction 
of hvdrocarbons within the portion of the formation with an oxidizing fluid, wheretn the 
,0 portion is located substantially adjacent to an opening in the formation, wherein heating 
comprises applying an electrical current to an insulated conductor to provide heat to the 
portion wherein the insulated conductor is coupled to a conduit, wherein the conduit 
comprises critical flow orifices, and wherein the conduit is disposed within the opening: 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. 

30 3086. The method of claim 3085. further comprising transporting the oxidizing fluid 

through the reaction /one by diffusion. 
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,„ 87 The method of claw. 3085, further comprising controlling a How of the oxidizing 
fluid with the critical How orifices such that a rate of oxidation is controlled. 

s 3088 The method of claim 3085. further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 

3089. The method of claim 3085, further comprising cooling the conduit with the 
10 oxidizing fluid to reduce heating of the conduit by oxidation. 

3090. The method of claim 3085. further comprising removing an oxidation product 
from the formation through the conduit. 



15 



3091 The method of claim 3085. further comprising removing an oxidation product 
from the formation through the conduit and transferring hea, from the oxidation product 
in the conduit to the oxidizing fluid in the conduit. 

309^ The method of claim 3085. funher comprising removing an oxidation product 
,0 from the formation through the conduit, wherein a flow rate of the oxidizing flutd ,n the 
conduit is approximately equal to a flow rate of the oxidation product in the condu,,. 

3093 The method of claim 3085, further comprising removing an oxidat.on product 
from .he formation through the conduit and controliing a pressure between the ox.d.zmg 

2S fluid and the oxidation product in the conduit to reduce contamination of the ox,da„on 

product by the oxidizing fluid. 

3094 The method of claim 3085. further comprising removing an oxidation product 
from the formation through the condu.t and substantially inhibiting the oxidation product 
from flowing into portions of the formation beyond the reaction zone. 



30 
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3095. The method of claim 3085. further comprising substantially inhibiting the 
oxidi/ing lluid from flowing into portions of the formation beyond the reaction /.one. 

3096. The method of claim 3085. wherein a center conduit is disposed within the 

5 conduit, the method further comprising providing the oxidi/ing fluid into the opening 
through the center conduit and removing an oxidation product through the conduit. 

3097. The method of claim 3085. wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

10 

3098. The method of claim 3085. further comprising removing water from the formation 
prior to heating the portion. 

3099. The method of claim 3085, further comprising controlling the temperature of the 
, 5 formation to substantially inhibit production of oxides of nitrogen during oxidation. 

3100. The method of claim 3085, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

20 

3101. The method of claim 3085. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

25 3 102. The method of claim 3085, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3 103. The method of claim 3085. further comprising coupling an overburden casing to 
30 the opening, wherein a packing material is disposed at a junction of the overburden 

casina and the opening. 
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3104. The method of claim 3085. wherein the pyrolysis /one is substantially adjacent to 
the reaction /.one. 

3105. A system configured to heat a coal formation, comprising: 

at least one elongated member disposed in an opening in the formation, wherein at 
least the one elongated member is configured to provide heat to at least a portion of the 

formation during use; 

an oxidizing fluid source; / 

a conduit disposed in the opening, wherein the conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to a reaction /one in the formation during 
use, and wherein the oxidizing lluid is selected to oxidize at least some hydrocarbons at 
the reaction zone during use such that heat is generated at the reaction zone: and 

wherein the system is/configured to allow heat to transfer substantially by 
conduction from the reaction /one to a pyrolysis zone of the formation during use. 

/ 

3,06 The svstem of claim 3105. wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

3107. The svstem of claim 3105. wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 

3 1 08. The svstem of claim 3105. wherein the conduit comprises critical flow orifices, 
and w herein the critical flow orifices are configured to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

3109. The svstem of claim 3105. wherein the conduit is further configured to be cooled 
with the oxidizing fluid such that the conduit is not substantially heated by oxidation. 
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3110. The syslcm of claim 3 1 05. wherein the conduit is further configured to remove an 
oxidation product. 

3111. The system of claim 3 1 05. wherein the conduit is further configured to remove an 
oxidation product such that the oxidation product transfers heat to the oxidizing fluid. 

3112. The system of claim 3105, wherein the conduit is further configured to remove an 
oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 



3113. The system of claim 3105. wherein the conduit is further configured to remove ar 
oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination o 
the oxidation product by the oxidizing fluid. 



e an 



3114. The system of claim 3105, wherein the conduit is further configured to remov 
oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

20 3115. The system of claim 3 1 05, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

3116. The system of claim 3105, further comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 

25 the opening during use, and wherein the conduit is further configured to remove an 
oxidation product during use. 

3117. The system of claim 3105. wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 
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3118. The system of claim 3 1 05. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 



formation. 



3119. The system of claim 3 1 05, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3120. The system of claim 3105, further comprising an overburden casing coupled to 
l n the opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein the overburden casing is further disposed in cement. 

3121. The system of claim 3105, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 

1 5 casing and the opening. 

3122. The sy stem of claim 3105, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 

20 and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 

3123. The system of claim 3105, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 

25 formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

3 1 24. The system of claim 3105. wherein the system is further configured such that 
transferred heat can pyroly ze at least some hydrocarbons in the pyrolysis zone. 



J) 
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3125. A svstem configurable to heat a coal formation, comprising: 
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* leas, one elonga,ed member configurable ,o be dtsposcd in an open.™, ,n the 
for ma,io,, herein a, least ,he one elongated member is further configurable ,o prov.de 
ncal ,„ al least a portion of Ihc formation during use; 

a eondui, configurable ,„ be disposed in the opening, wherein the condu,, ,s 
, further configurable to provrde an oxidizing fluid from the oxid,zing fluid source to a 
reaction .one in the formation during use, and .herein the sy*em is configure to 
a„„w the oxidrzing fluid to oxidize at .east some hydrocarbons at the reaction zone 
during use such that hea, is generated at the reaction zone: and 

wherein the system is further configure to allow hea, to transfer substanttaUy 
, 0 hy conduction from the reaetton zone to a pyroiysis zone of the Nation during use. 

,p 6 The svstem of claim 3.25. wnere.n the oxid.zing fluid is configure to generate 
hea", in the reaction zone such tha, the oxidizmg fluid is transported through the reaction 
zone substantially by diffusion. 

' 5 3 p 7 The svs,em of chin, 3125. where.n the conduit composes orifices, and wherein 
me orifices « configurable to provide the oxidizing fluid in,o ,he openmg. 

3P8 The svs,cm of claim 3125, wherein the eondui, comprises critical flow orifices. 
20 a „d wherein ,he critical flow onfiees are configurable ,o con,rol a flow of ,he ox,d,z,ng 
fluid such fa, a rate of oxidation in ,he formation is controlled. 

3P« The svstem of claim 3125, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such tha, ,he condu,, is no, subsmnnally heated by 

25 oxidation. 

3I3 „. The system of ela.m 3,25. wherein ,he condu,, ,s further configurable ,o remove 

an oxidation product. 

.„ 3,3, The svs,e„, of dam, 3,25. wherein the conduit is further configurable ,o remove 
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2. The system of claim 3 1 25. wherein the conduit is further configurable to remove 
an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 

3133. The system of claim 3125. wherein the conduit is further configurable to remove 
an oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 

3134. The system of claim 3125. wherein the conduit is further configurable to remove 
an oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

3135. The system of claim 3125. wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



3 1 36. The system of claim 3125, further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 

20 opening during use. and wherein the conduit is further configurable to remove an 
oxidation product during use. 

3137. The system of claim 3 1 25, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 



3138. The system of claim 3125. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 
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3 1 39. The system of claim 3 1 25. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an ov erburden of the 
formation, and wherein the overburden casing comprises steel. 



/ 

/ 



5 3 1 40. The system of claim 3125, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3 141 . The system of claim 3 125, further comprising an overburden casing coupled to 
,0 the opening, wherein a packing material is disposed at a junction of the overburden 

casing and the opening. 

3142. The system of claim 3125. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 

, < formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

3143. The system of claim 3125, further comprising an overburden casing coupled to 
20 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

3 144. The system of claim 3125. wherein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 
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3 1 45. An in situ method for heating a coal formation, comprising: 

heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein 
heating comprises applying an electrical current to at least one elongated member to 
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provide heat to the portion, and wherein at least the one elongated member is disposed 

within the opening: 

providing the oxidizing fluid to a reaction /.one in the formation: 
allowing the oxidizing tluid to react with at least a portion of the hydrocarbons at 
5 the reaction zone to generate heat at the reaction zone; and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. 

3146. The method of claim 3 145, further comprising transporting the oxidizing fluid 
10 through the reaction zone by diffusion. 

3 1 47. The method of claim 3 1 45. further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 

,s 3148. The method of claim 3145, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit disposed in the opening such that a rate of 
oxidation is controlled. 

3 149. The method of claim 3 145, further comprising increasing a flow of the oxidizing 
20 fluid in the opening to accommodate an increase in a volume of the reaction zone such 

that a rate of oxidation is substantially constant over time within the reaction zone. 

3150. The method of claim 3145, wherein a conduit is disposed in the opening, the 
method further comprising cooling the conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. 



3151. The method of claim 3 1 45. wherein a conduit is disposed w ithin the opening, the 
method further comprising removing an oxidation product from the formation through 

the conduit. 



30 
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, , „ fhe mc,h„d of c,a,m 3 ,45. where, a condui, is db^d *. «~» * 
ra c„„d further compnsing removing an oxidation product from the formatton through 
, ht . condu,, and ,ransferring hca, from the oxidatton product in the condu,, to iho 

oxidizing fluid in the conduit. } 

3.53 The method of claim 3,45, wherem a condu,, is deposed * «*»* 
me.hod funher compnsing removing an ox.da.ion produe, from ,he 

,he conduit wherein a now rate of ,he oxidizing fluid * .he condui, ,s approxtmateW 
equal to a flow rate of the oxidation product in the condu.t. 

3 .54 The method of Cam, 3,45. wheretn a condui, is disposed within the opening, the 
method further comprising removmg an oxidation product from the formatton through 
the conduit and controfling a pressure hetween the „xid,in 8 flutd and the «x,da„„n 
product in the condu,, to reduce contamination of the ox.dation product bv the ox.dtzmg 

fluid. 



3,5, The mchod of Cairn 3,45. wherein a condui, ,s disposed within the opentng, the 
m e,h„d further comprtstng removing an oxidauon product from the formation through 
,he condut, and substantia,,, inhibiting the oxidation product from flowing ,n,„ port.ons 

20 of the formation beyond the reaction zone. 

3156 The method of claim 3 145, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

„ „ 57 The method of claim 3 145. wherein a center conduit is disposed within an outer 
" condui, and wherein the outer conduit is disposed within the opening, the metho turther 

comprising providing the oxidizing fluid into the opening through the center conduit and 

removing an oxidation product through the outer condu.t. 

3 0 31 58. The method of claim 3145. wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 
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315<) . 1 Ik method ofclaim 3145. further comprising removing from *, formation 

prior to heating the portion. 

s 3160 The method ofcUim 3145. further comprising controlling the temperature of the 
forma.ion to substantially inhibit production of oxides of nitrogen during oxtdafon. 

3,61 The method of claim 3 1 45. further comprising coupling an overburden casing to 
rhe opening, wherein the overburden cas.ng is disposed in an overburden o, the 

10 formation. 

W The method of claim 3145. further comprising coupling an overburden casing to 
,he opening, wheretn the overburden casing is disposed in an overburden oi the 
formation, and wherein the overburden casing comprises steel. 

3,63 The method of claim 3145. further comprising coupling an overburden casing to 
,he opening, wherein the overburden casing is disposed in an overburden ot the 
formation, and wherein the overburden casing is further disposed in cement. 

20 3,64 The method of claim 3145, further composing coupling an overburden casing to 
,he opentng, wherein a packing materia. ,s disposed at a junction of the overburden 

casing and the opening. 

3,65. The method of claim 3145. wherein the pyrolysis zone is substantially adjacent to 
25 the reaction zone. 

M 66 \ svsicm configured to heat a coal formation, comprising: 

a heat exchanger disposed external to the formation, wherein the heat exchanger 

is configured to heat an oxidizing fluid during use; 

a conduit disposed in the opening, wherein the conduit is configured to prov.de 

th e heated oxidizing fluid from the heat exchanger to at least a portion of the formation 
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during use. wherein the system is configured to allow heat to transfer from the heated 
oxidizing fiuid to at least the portion of the formation during use, and wherein the 
oxidizing lluid is selected to oxidize at least some hydrocarbons at a reaction zone in the 
formation during use such that heat is generated at the reaction zone: and 
5 wherein the system is configured to allow heat to transfer substantially by- 

conduction from the reaction zone to a pyrolysis zone of the formation during use. 

3 1 67. The system of claim 3 1 66. wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reacfion 

10 zone substantially by diffusion. 

3 1 68. The system of claim 3 1 66. wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 



15 



3 1 69. The system of claim 3 1 66. wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configured to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

3170. The system of claim 3 166, wherein the conduit is further configured to be cooled 
20 with the oxidizing fluid such that the conduit is not substantially heated by oxidation. 

3171. The system of claim 3 1 66. wherein the conduit is further configured to remove an 
oxidation product. 



OS 



3172. The system of claim 3166, wherein the conduit is further configured to remove an 
oxidation product, such that the oxidation product transfers heat to the oxidizing fluid. 

3173. The system of claim 3166. wherein the conduit is further configured to remove an 
oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 

30 approximately equal to a flow rate of the oxidation product in the conduit. 
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3 1 74 The svstem of clan, 3 1 66. wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing .laid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination ol 
the oxidation product by the oxidizing fluid. 

3175 The svstem of claim 3 1 66. wherein the conduit is further configured to remove an 
oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

10 3176. The system of claim 3166. wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

3 1 77 The svstem of claim 3 1 66. further comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
, 5 the openmg during use. and wherem the Conduit is further configured to remove an 
oxidation product during use. 

3 178. The system of claim 3 166. wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 



20 



3179. The system of claim 3166, ftirther comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 

formation. 

^5 3180. The svstem of claim 3166, further comprising an overburden easing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3181 The svstem of claim 3 1 66. further comprising an overburden casing coupled to 
30 the openmg. w herein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 
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3 1 82. The system of claim 3 1 66, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3183. The system of claim 3166. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
How of fluid between the opening and the overburden casing during use. 

3 1 84. The system of claim 3 1 66. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material/is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

3185. A system configurable to heat a coal formation, comprising: 

a heat exchanger configurable to be disposed external to the formation, wherein 
the heat exchanger is further configurable to heat an oxidizing fluid during use; 

a conduit configurable to be disposed in the opening, wherein the conduit is 
further configurable to provide the heated oxidizing fluid from the heat exchanger to at 
least a portion of the formation during use. wherein the system is configurable to allow 
heat to transfer from the heated oxidizing fluid to at least the portion of the formation 
during use. and wherein the system is further configurable to allow the oxidizing fluid to 
oxidize at least some hydrocarbons at a reaction zone in the formation during use such 
that heat is generated at the reaction zone: and 

wherein the system is further configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a pyrolysis zone of the formation during use. 
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1186 The svstem of claim 3185. wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizing tluid is transported through the reaction 
zone substantially by diffusion. 



5 3187. The system of claim 3185, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 

3188 The svstem of claim 3185, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
, o fluid such that a rate of oxidation in the formation is controlled. 

3 1 89. T he system of claim 3185. wherein the conduit is further configurable to be 
eooled with the oxidizing fluid such that the conduit is not substantially heated by 
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oxidation. 

3190. The system of claim 3185, wherein the conduit is further configurable to remove 
an oxidation product. 

3191 The system of claim 3 185, wherein the conduit is further configurable to remove 
oxidation product such that the oxidation product transfers heat to the oxidizing fluid. 



3 192. The svstem of claim 3185. wherein the conduit is further configurable to remove 
an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit ts 
approximately equal to a flow rate of the oxidation product in the conduit. 

3 1 03 The svstem of claim 3 1 85. wherein the conduit is further configurable to remove 
an oxidation product, and w herein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination ol 
the oxidation product by the oxidizing fluid. 
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3 1 94. The system of claim 3 1 85. wherein the conduit is further configurable to remove 
an oxidation product, and wherein the oxidation product is substantially inhibited from 
(lowing into portions of the formation beyond the reaction /.one. 



3195. The system of claim 3185, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



3 1 96. The system of claim 3185. further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 

I o opening during use. and wherein the second conduit is further configurable to remove an 
oxidation product during use. 

3197. The system of claim 3185. wherein the portion of the formation extends radially 
from the opening a width of less thai) approximately 0.2 m. 



3 198. The system of claim 3 1 85, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

3 199. The system of claim 3185, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3200. The system of claim 3 1 85, further comprising an overburden casing coupled to 
25 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein the overburden casing is further disposed in cement. 

3201 . The system of claim 3 1 85. further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 

30 casing and the opening. 
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3202. The system of claim 3185. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 

5 a flow of fluid between the opening and the overburden casing during use. 

3203. The system of claim 31 85, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 

10 and the opening, and wherein the packing material comprises cement. 

NDC (HEA T EXCHANGER PREHEA TING METHOD) 

3204. An in situ method for heating a coal formation, comprising: 

heating a portion of the formation to a temperature sufficient to support reaction 
,5 of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein 
heating comprises: 

heating the oxidizing fluid with a heat exchanger, wherein the heat exchanger is 

disposed external to the formation; 

providing the heated oxidizing fluid from the heat exchanger to the portion of the 

20 formation; and 

allowing heat to transfer from the heated oxidizing fluid to the portion of the 

formation: 

providing the oxidizing fluid to a reaction zone in the formation: 
allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
25 the reaction zone to generate heat at the reaction zone: and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. 

3205. The method of claim 3204. further comprising transporting the oxidizing fluid 
30 throueh the reaction zone by diffusion. 
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P06 The method of claim 3204. further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 

3207. The method of claim 3204. further comprising controlling a flow of the oxidizing 
fluid with cntical flow orifices of a conduit disposed in the opening such that a rate of 

oxidation is controlled. 

3-,08 The method of claim 3204. further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reactton zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 

3^09 The method of claim 3204. wherein a conduit is disposed in the opening, the 
method further comprising cooling the conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. 

3910 The method of claim 3204, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 

the conduit. 

,0 321 1 The method of claim 3204, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring heat from the oxidation product in the conduit to the 
oxidizing fluid in the conduit. 

,< 3- P The method of claim 3204, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wherein a flpw rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. 

30 P13 The method of claim 3204. wherein a conduit is disposed w ithin the opening, the 
method further comprising removing an oxidation product from the formation through 
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,hc condui, and conuolling a pressure benveen the oxidizing- Iluid and ,hc „xida,io„ 
produc. in ,1k condui, u. reduce comaminanon of uk oxidation produe, by the ox.dB.ng 

Iluid. 

/ 

5 39H The method of claim 3204. wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibiting the oxidation product from flowing into portions 
of the formation beyond the reaction zone. 

10 3215 The method of claim 3204. further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

3,16 The method of claim 3204, wherein a center conduit is disposed w ithin an outer 
conduit and wherein the outer conduit is disposed within the opening, the method further 
,5 comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 

3217. The method of claim 3204, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 



20 



3218. The method of claim 3204. further comprising removing water from the formation 

prior to heating the portion. 

37,9 The method of claim 3204. further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 

3^20. The method of claim 3204. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 

formation. 



30 
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322 1 . The method of claim 3204. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an ov erburden of the 



formation. 



and wherein the overburden casing comprises steel 



5 3222. The method of claim 3204. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3223. The method of claim 3204, further comprising coupling an overburden casing to 
,0 the opening, wherein a packing material is disposed at a junction of the overburden 

casing and the opening. 

3224. The method of claim 3204, wherein the pyrolysis zone is substantially adjacent to 
the reaction zone. 

15 

3225. An in situ method for heating a coal formation, comprising: 

heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein 

heating comprises: 

20 oxidizing a fuel gas i Q a heater, wherein the heater is disposed external to the 

formation; 

providing the oxidized fuel gas from the heater to the portion of the formation: 

and 

allow ing heal to transfer from the oxidized fuel gas to the portion of the 

25 formation; 

providing the oxidizing fluid to a reaction zone in the formation: 
allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone: and 

transferring the generated heat substantially by conduction from the reaction zone 
30 to a pyrolysis zone in the formation. 
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3226. The method of claim 3225. further comprising transporting the oxidi/.ing fluid 
through the reaction zone by diffusion. 

3227. The method of claim 3225, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 

3228. The method of claim 3225, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit disposed in the opening such that a rate of 

oxidation is controlled. 

3 ,29 The method of claim 3225, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 

3^30 The method of claim 3225. wherein a conduit is disposed in the opening, the 
method further composing cooling the conduit with the oxidizing fluid to reduce heating 

of the conduit by oxidation. 

3231 The method of claim 3225, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 

the conduit. 

3732. The method of claim 3225, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring heat from the oxidation product in the conduit to the 

oxidizing fluid in the conduit. 

3733 The method of claim 3225. wherein a conduit is disposed within the opening, the 
method further comprising remov ing an oxidation product from the formation through 
, the conduit, wherein a flow rale of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. 
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^4 The method of claim 3225, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between the oxidizing fluid and the ox.dat.on 
product in the conduit to reduce contamination of the oxidation product by the ox.d.z.ng 
fluid. 



3035 The method of claim 3225. wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
10 the conduit and substantially inhibiting the oxidation product from flowing into portions 
of the formation beyond the reaction zone. 

3236. The method of claim 3225, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction 



zone. 



3937 The method of claim 3225, wherein a center conduit is disposed within an outer 
conduit and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 

3238. The method of claim 3225, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3239. The method of claim 3225. further comprising removing water from the formation 
prior to heating the portion. 

3 o40 The method of claim 3225, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 
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V4. The method of clan, 5225. further compnsmg coupling an overburden cas.ng io 
th "c openmg. *re,n the overburden casutg is d.sposcd in an overburden o, ,be 



formation. 



, W The method of Cainr 3225. further compnsing coupling an overburden cas.ng to 
ihc opening, wherein the overburden easing is disposed in an overburden o, ,he 
formation, and wherein the overburden easing comprises steel. 

3.43 The method of eiaim 3225, further cording eoupling an overburden casmg to 
,„ rh'e opening, wherein the overburden casmg is disposed ,n an overburden oi the 

formation, and wherem the overburden casmg is further deposed ,n cemen, 

3.44 The method of claim 3225, further compnsing coupiing an overburden easing to 
lh ~e openmg, wherein a pacing material is disposed a, a junction of the overburden 

15 casing and the opening. 

324 , The method of cla.m 3225. wherein the pyrosis zone is substantia.* adjacent to 

the reaction zone. 

3,46 A svstem configured to heat a coal formation, comprising: 
„ ' an insulated conduct* d.sposed within an open wellbore in the formahon. 

' wheretn the insulated conductor is configured ,» provide radian, h=a, to a, leas, a portron 

of the formation during use; and 

wherein the system is configured ,0 al.ow hea, to transfer from the msulated 

conductor to a selected section of the formation during use. 

25 ,247 The svstem of elaun 3246. wherein the insulated conductor ,s further configured 
,„ generate heat during application of an dectnea, current ,0 the insulated conductor 

during use. 

„48 The svstem of claim 3246. further comprising a support member, wherein the 
support member is configured ,0 support the insulated conductor. 
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3249. The system of claim 3246, further comprising a support member and a centrali/er. 
wherein the support member is configured to support the insulated conductor, and 
wherein the centrali/er is configured to maintain a location of the insulated conductor on 
the support member. 

3250. The system of claim 3246, wherein the open wellbore comprises a diameter of at 
least approximately 5 cm. 

3251. The system of claim 3246. further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a low resistance conductor 
configured to generate substantially no heat. 

3252. The system of claim 3246, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a rubber insulated 

conductor. 

3253. The system of claim 3246. further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a copper wire. 

3254. The system of claim 3246. further comprising a lead-in conductor coupled to the 
mlated conductor with a cold pin transition conductor. 



ins 



3255. The system of claim 3246. further comprising a lead-in conductor coupled to the 
insulated conductor uith a cold pin transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 

3256. The system of claim 3246. wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 

material is disposed in a sheath. 
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3257. The system of claim 3246. wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the conductor comprises a 
copper-nickel alloy. 

3258. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the conductor comprises a copper- 
nickel alloy, and wherein the copper-nickel alloy comprises approximately 7 % nickel by 
weight to approximately 12 % nickel by weighty 

3259. The system of claim 3246. wherein (lie insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the conductor comprises a copper- 

kel alloy, and wherein the copper-nickel alloy comprises approximately 2 % nickel by 
eight to approximately 6 % nickel by weight. 



nic 
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3260. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises a thermally conductive material. 

3261 . The system of claim 3246. wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises magnesium oxide. 

3262. The system of claiAn 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, and wherein the magnesium oxide comprises a thickness of 
at least approximately 1 mm. 

3263. The sy stem of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises aluminum oxide and magnesium oxide. 
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3264. The system of claim 3246. wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, wherein the magnesium oxide comprises grain particles, 
and wherein the grain particles are configured to occupy porous spaces within the 
magnesium oxide. 



3265. The system of claim 3246, wherein the insulated,conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material is disposed in a sheath, and wherein the sheath comprises a corrosion-resistant 

10 material. 

3266. The system of claim 3246. wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material is disposed in a sheath, and wherein the sheath comprises stainless steel. 

3267. The system of claim 3246, further comprising two additional insulated 
conductors, wherein the insulated conductor and the two additional insulated conductors 
are configured in a 3 -phase Y configuration. 

3268. The system of claim 3246. further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configured in a series electrical configuration. 

3269. The system of claim 3246. further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor arc coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configured in a parallel electrical configuration. 

3270. The system of claim 3246. wherein the insulated conductor is configured to 
venerate radiant heat of approximately 500 W/m to approximately 1 150 W-'m during use. 



1 
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„ 7I The „r«Wm "46. father comprising a support member configured „ 

siro p„rt the msulated conductor, wherem the support member composes ordtces 
configured ,o provide fluid flow through the support member into the open wellbore 

during use. 

3,7, The svstem of elaim 3246, further comprising a support member configured to 
support the tnsulated conductor, wherein the support member composes crtt.ca, flow 
orifices configured to provide a substantrally constant imount of fluid fiow through the 
support member into the open wellbore during use./ 

Vn The svstem of ciaim 3246. further comprising a tube coupled ,„ the insulated 
conductor, wherein the tube is configured ,„ provide a fiow of fluid into fhe open 

wellbore during use. 

3„4 The svstem of claim 3246, further eomprrsing a tube coupled to the insulated 
conductor, w'herein the tube comprises critical fiow orifices configured ,0 provtde a 
substantially constant amount of fluid flow through the support member into the open 

wellbore during use. 

3275 The svstem of Cairn 3246, further comprising an overburden casing coupled to 
.hc open wellbore. w herein the overburden easing is disposed in an overburden of the 

formation. 

, rm The svstem of claim 3246. further composing an overburden easing coupled to 
lta open wellbore. wherein the overburden casing is disposed ,n an overburden ot the 
formation, and wherein the overburden casing comprises steel. 

Vll The svstem of elaim 3246. further comprising an overburden easing coupled to 
,„ th 'e open wellbore. wherein the overburden easing is disposed in an overburden .1 the 
famation. and wherein the overburden casing is further disposed in cement. 
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Vn The svstem of claim 3246. further comprising an overburden casing coupled to 
the open wellbore. wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
5 casing and the open wellbore. 

3979 The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore. wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packmg matenal is disposed at a junction of the overburden casmg 
,0 and the open wellbore. and wherein the packing material is configured to substantially 
inhibit a flow of fluid between the open wellbore and the overburden casing dunng use. 

3280 The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore. wherein the overburden casing is disposed in an overburden of the 
15 formation, wherein a packing matenal is disposed at a junction of the overburden casing 
and the open wellbore. and wherein the packing material comprises cement. 

3981 The system of claim 3246. further comprising an overburden casing coupled to 
the open wellbore. wherein the overburden casingjs disposed in an overburden of the 
20 formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange and wherein at least the one sealing flange is configured to couple to the lead-m 



25 
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.onductor. 
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The svstcm of claim 3246. wherein the system is further configured to transfer 
heat such that the transferred heat can pyrolyze at least some of the hydrocarbons in the 
selected section. 

3283. A system configurable to heat a coal formation, comprising: 
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an insulated conductor configurable to be disposed within an open wellbore in the 
formation, wherein the insulated conductor is further configurable to provide radiant heat 
to at least a portion of the formation during use; and 

wherein the system is configurable to allow heat to transfer from the insulated 
conductor to a selected section of the formation during rise. 

3284. The system of claim 3283, wherein the insulated conductor is further configurable 
to generate heat during application of an electrical current to the insulated conductor 
during use. 

3285. The system of claim 3283, further comprising a support member, wherein the 
support member is configurable to support the insulated conductor. 

3286. The system of claim 3283, further comprising a support member and a centralizer. 
wherein the support member is configurable to support the insulated conductor, and 
wherein the centralizer is configurable to maintain a location of the insulated conductor 
on the support member. 

3287. The system of claim 3283. wherein the open wellbore comprises a diameter of at 
least approximately 5 cm. 

3288. The system of claim 3283. further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a low resistance conductor 
configurable to generate substantially no heat. 

3289. The system of claim 3283. further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a rubber insulated 
conductor. 

3290. The system of claim 3283. further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a copper wire. 
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3291 . 1 he system of claim 3283. further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor. 

5 3292. The system of claim 3283. further comprising a lca^l-in conductor coupled to the 
insulated conductor with a cold pin transition conductor, ^herein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 

3293. The system of claim 3283, wherein the insulated conductor comprises a conductor 
10 disposed in an electrically insulating material, and wherein the electrically insulating 

material is disposed in a sheath. 

3294. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the conductor comprises a 

15 copper-nickel alloy. 

3295. The system of claim 3283. wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material wherein the conductor comprises a copper- 
nickel alloy, and wherein the coppery-nickel alloy comprises approximately 7 °o nickel by 

20 weight to approximately 1 2 % nickel by weight. 

3296. The system of claim 3283; wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the conductor comprises a copper- 
nickel alloy, and wherein the copper-nickel alloy comprises approximately 2 % nickel by 

25 weight to approximately 6 % nickel by weight. 

3297. The system of claim 3283. wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises a thermally conductive material. 

30 
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3298. The system of claim 3283. wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises magnesium oxide. 

5 3299. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, and wherein the magnesium oxide comprises a thickness of 
at least approximately 1 mm. 

10 3300. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises aluminum oxide and magnesium oxide. 

3301 . The system of claim 3283, wherein the insulated conductor comprises a conductor 
1 5 disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, wherein the magnesium oxide comprises grain particles, 
and wherein the grain particles are configurable to occupy porous spaces within the 
magnesium oxide. 
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3302. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material is disposed in a sheath, and wherein the sheath comprises a corrosion-resistant 
material. 

3303. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material is disposed in a sheath, and wherein the sheath comprises stainless steel. 

3304. The system of claim 3283. further comprising two additional insulated 
conductors, wherein the insulated conductor and the two additional insulated conductors 
are configurable in a 3 -phase Y configuration. 
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The system of claim 3283, further comprising an additional insulated conductor, 
herein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor jind the additional insulated 
conductor are configurable in a series electrical configuration. 

/ 

3306. The system of claim 3283, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configurable in a parallel electrical configuration. 

3307. The system of claim 3283. wherein the insulated conductor is configurable to 
generate radiant heat of approximately 500 W/m to approximately 1 150 W/m during use. 

3308. The sy stem of claim 3283. further comprising a support member configurable to 
support the insulated conductor, wherein the support member comprises orifices 
configurable to provide fluid flow through the support member into the open wellbore 
during use. 

20 3309. The system of claim 3283; further comprising a support member configurable to 
support the insulated conductor, wherein the support member comprises critical flow 
orifices configurable to provide a substantially constant amount of fluid flow through the 
support member into the open Wellbore during use. 
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33 1 0. The system of claim 3283, further comprising a tube coupled to the insulated 
conductor, wherein the tube is configurable to provide a flow of fluid into the open 
wellbore during use. 

3311. The system of claim 3283. further comprising a tube coupled to the first insulated 
conductor, wherein the tube comprises critical flow orifices configurable to provide a 
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substantially constant amount of fluid flow through the support member into the open 
wellbore during use. 

33 12. The system of claim 3283. further comprising an overburden casing coupled to 
5 the open wellbore. wherein the overburden casing is disposed in an overburden of the 

formation. ^ 

3313. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 

10 formation, and wherein the overburden casing comprises steel. 

3314. The system of claim 3283. further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

15 

3315. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore. wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the open wellbore. 

20 

3316. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore. wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the open wellbore. and wherein the packing material is configurable to substantially 

25 inhibit a flow of fluid between the open wellbore and the overburden casing during use. 

33 1 7. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore. wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 

30 and the open wellbore, and wherein the packing material comprises cement. 
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3318. 'I he system of claim 3283. further comprising an overburden casing coupled to 
the open wellhore, wherein the overburden casing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor wherein the wellhead is 

5 disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least the one sealing flange is configurable to couple to the lead-in 
conductor. 

/ 

3319. The system of claim 3283, where in the system is further configured to transfer 

10 heat such that the transferred heat can pyrolyze at least some hydrocarbons in the selected 
section. 



3320. An in situ method for heating a coal formation, comprising: 

applying an electrical current to an insulated conductor to provide radiant heat to 
15 at least a portion of the formation, wherein the insulated conductor is disposed within an 

open wellbore in the formation; and 

allowing the radiant heat to transfer from the insulated conductor to a selected 

section of the formation. 

20 3321. The method of claim 3320, further comprising supporting the insulated conductor 
on a support member. f 

3322. The method of claim;3320, further comprising supporting the insulated conductor 
on a support member and maintaining a location of the insulated conductor on the support 

25 member with a centrali/er. 

3323. The method of claim 3320, wherein the insulated conductor is coupled to two 
additional insulated conductors, wherein the insulated conductor and the two insulated 
conductors are disposed within the open wellbore. and wherein the three insulated 

30 conductors are electrically coupled in a 3-phase Y configuration. 
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3324. The method of claim 3320. wherein an additional insulated conductor is disposed 
within the open wellbore. 

3325. The method of claim 3320, wherein an additional insulated conductor is disposed 
within the open wellbore, and wherein the insulated conductor and the additional 
insulated conductor are electrically coupled in a series configuration. 



3326. The method of claim 3320, wherein an additional insulated conductor is disposed 
within the open wellbore. and wherein the insulated conductor and the additional 

10 insulated conductor arc electrically coupled in a parallel configuration. 

3327. The method of claim 3320, wherein the provided heat comprises approximately 
500 W/m to approximately 1 1 50 W/m. 

15 3328. The method of claim 3320, wherein the insulated conductor comprises a 

conductor disposed in an electrically insulating material, and wherein the conductor 
comprises a copper-nickel alloy. 

3329. The method of claim 3320, wherein the insulated conductor comprises a 
20 conductor disposed in an electrically insulating material, wherein the conductor 

comprises a copper-nickel alloy, and wherein the copper-nickel alloy comprises 
approximately 7 % nickel by weight to approximately 12 % nickel by weight. 

3330. The method of claim 3320. wherein the insulated conductor comprises a 
25 conductor disposed in an electrically insulating material, wherein the conductor 

comprises a copper-nickel alloy, and wherein the copper-nickel alloy comprises 
approximately 2 % nickel by weight to approximately 6 % nickel by weight. 

3331. The method of claim 3320, wherein the insulated conductor comprises a 

30 conductor disposed in an electrically insulating material, and wherein the electrically 
insulating material comprises magnesium oxide. 



691 



C onlcy Rose & Ta>on. P C 



3332. The method of claim 3320. wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the electrically 
insulating material comprises magnesium oxide, and wherein the magnesium oxide 

5 comprises a thickness of at least approximately 1 mm. 

i 

3333. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, and wherein the electrically 
insulating material comprises aluminum oxide and magnesium oxide. 
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3334. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the electrically 
insulating material comprises magnesium oxide, wherein the magnesium oxide comprises 
grain particles, and wherein the grain particles are configured to occupy porous spaces 
within the magnesium oxide. 

3335. The method of claim 3320. wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the insulating material 
is disposed in a sheath, and wherein the sheath comprises a corrosion-resistant material. 

3336. The method of claim 3320. wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the insulating material 
is disposed in a sheath, and wherein the sheath comprises stainless steel. 

3337. The method of claim 3320, further comprising supporting the insulated conductor 
on a support member and flowing a fluid into the open wellbore through an orifice in the 
support member. 

3338. The method of claim 3320, further comprising supporting the insulated conductor 
30 on a support member and flowing a substantially constant amount of fluid into the open 

wellbore through critical flow orifices in the support member. 



25 
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3330. The method of claim 3320. wherein a perforated tube is disposed in the open 
wellbore proximate to the insulated conductor, the method further comprising flowing a 
fluid into the open wellbore through the perforated tube. 

3340. The method of claim 3320, wherein a tube is disposed in the open wellbore 
proximate to the insulated conductor, the method further comprising flowing a 
substantially constant amount a fluid into the open wellbore through critical flow orifices 
in the tube. 

3341 . The method of claim 3320. further comprising supporting the insulated conductor 
on a support member and flowing a corrosion inhibiting fluid into the open wellbore 
through an orifice in the support member. 

3342. The method of claim 3320. wherein a perforated tube is disposed in the open 
wellbore proximate to the insulated conductor, the method further comprising flowing a 
corrosion inhibiting fluid into the open wellbore through the perforated tube. 

3343. The method of claim 3320, further comprising determining a temperature 
distribution in the insulated conductor using an electromagnetic signal provided to the 
insulated conductor. 

3344. The method of claim 3320, further comprising monitoring a leakage current of the 
insulated conductor. 

3345. The method of claim 3320. further comprising monitoring the applied electrical 
current. 



3346. The method of claim 3320, further comprising monitoring a voltage applied to the 
30 insulated conductor. 



20 



25 
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3347. The method of claim 3320, further comprising monitoring a temperature in the 
insulated conductor with at least one thermocouple. 

3348. The method of claim 3320, further comprising electrically coupling a lead-in 
5 conductor to the insulated conductor, wherein the lead-in conductor comprises a low 

resistance conductor configured to generate substantially no heat. 

3349. The method of claim 3320, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor. 

10 

3350. The method of claim 3320, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor, wherein the 
cold pin transition conductor comprises a substantially low resistance insulated 
conductor. 

15 

3351. The method of claim 3320, further comprising coupling an overburden casing to 
the open wellbore. wherein the overburden casing is disposed in an overburden of the 
formation. 

20 3352. The method of claim 3320, further comprising coupling an overburden casing to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3353. The method of claim 3320, further comprising coupling an overburden casing to 
25 the open wellbore, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein the overburden casing is further disposed in cement. 

3354. The method of claim 3320, further comprising coupling an overburden casing to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 

30 formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the open wellbore. 
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3355. The method of claim 3320. further comprising coupling an overburden casing to 
the open wcllborc, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a How of fluid between 
the open wellbore and the overburden casing with a packing material. 

3356. The method of claim 3320, further comprising heating at least the portion of the 
formation to pyrolyze at least some hydrocarbons within the formation. 



10 3357. An in situ method for heating a coal formation, comprising: 

applying an electrical current to an insulated conductor to provide heat to at least 
a portion of the formation, wherein the insulated conductor is disposed within an opening 

in the formation; and 

allowing the heat to transfer from the insulated conductor to a section of the 

1 5 formation. 

3358. The method of claim 3357. further comprising supporting the insulated conductor 
on a support member. 

20 3359. The method of claim 3357, further comprising supporting the insulated conductor 
on a support member and maintaining a location of the first insulated conductor on the 
support member with a centralizer. 



JO 



60. The method of claim 3357. wherein the insulated conductor is coupled to two 
25 additional insulated conductors, wherein the insulated conductor and the two insulated 
conductors are disposed within the opening, and wherein the three insulated conductors 
are electrically coupled in a 3-phase Y configuration. 

3361 The method of claim 3357. wherein an additional insulated conductor is disposed 
30 within the opening. 
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3362. The method of claim 3357. wherein an additional insulated conductor is disposed 
within the opening, and wherein the insulated conductor and the additional insulated 
conductor are electrically coupled in a series configuration. 

5 3363. The method of claim 3357, wherein an additional insulated conductor is disposed 
within the opening, and wherein the insulated conductor and the additional insulated 
conductor are electrically coupled in a parallel configuration. 

3364. The method of claim 3357, wherein the provided heat comprises approximately 
1 o 500 W7m to approximately 1150 W/m. 

3365. The method of claim 3357. wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, and wherein the conductor 
comprises a copper-nickel alloy. 

15 

3366. The method of claim 3357, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the conductor 
comprises a copper-nickel alloy, and wherein the copper-nickel alloy comprises 
approximately 7 % nickel by weight to approximately 12 % nickel by weight. 

20 

3367. The method of claim 3357. wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the conductor 
comprises a copper-nickel alloy, and wherein the copper-nickel alloy comprises 
approximately 2 0 o nickel by weight to approximately 6 % nickel by weight. 

25 

3368. The method of claim 3357. wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, and wherein the electrically 
insulating material comprises magnesium oxide. 

30 3369, The method of claim 3357. wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the electrically 
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insulating material comprises magnesium oxide, and wherein the magnesium oxide 
comprises a thickness of at least approximately 1 mm. 



3370. The method of claim 3357, wherein the insulated conductor comprises a 

5 conductor disposed in an electrically insulating material, and wherein the electrically 
insulating material comprises aluminum oxide and magnesium oxide. 

3371 . The method of claim 3357, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the electrically 

10 insulating material comprises magnesium oxide, wherein the magnesium oxide comprises 
grain particles, and wherein the grain particles are configured to occupy porous spaces 
within the magnesium oxide. 

3372. The method of claim 3357, wherein the insulated conductor comprises a 

15 conductor disposed in an electrically insulating material, wherein the insulating material 
is disposed in a sheath, and wherein the sheath comprises a corrosion-resistant material. 

3373. The method of claim 3357, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the insulating material 

20 is disposed in a sheath, and wherein the sheath comprises stainless steel. 

3374. The method of claim 3357, further comprising supporting the insulated conductor 
on a support member and flowing a fluid into the opening through an orifice in the 
support member. 

25 

3375. The method of claim 3357, further comprising supporting the insulated conductor 
on a support member and flowing a substantially constant amount of fluid into the 
opening through critical flow orifices in the support member. 
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3376. The method of claim 3357, wherein a perforated tube is disposed in the opening 
proximate to the insulated conductor, the method further comprising flowing a fluid into 
the opening through the perforated tube. 

5 3377. The method of claim 3357, wherein a tube is disposed in the opening proximate to 
the insulated conductor, the method further comprising flowing a substantially constant 
amount a fluid into the opening through critical flow orifices in the tube. 

3378. The method of claim 3357, further comprising supporting the insulated conductor 
10 on a support member and flowing a corrosion inhibiting fluid into the opening through an 

orifice in the support member. 

3379. The method of claim 3357, wherein a perforated tube is disposed in the opening 
proximate to the insulated conductor, the method further comprising flowing a corrosion 

15 inhibiting fluid into the opening through the perforated tube. 

3380. The method of claim 3357, further comprising determining a temperature 
distribution in the insulated conductor using an electromagnetic signal provided to the 
insulated conductor. 

20 

3381 . The method of claim 3357. further comprising monitoring a leakage current of the 
insulated conductor. 

3382. The method of claim 3357. further comprising monitoring the applied electrical 
25 current. 

3383. The method of claim 3357, further comprising monitoring a voltage applied to the 
insulated conductor. 

30 3384. The method of claim 3357. further comprising monitoring a temperature in the 
insulated conductor with at least one thermocouple. 
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3385. The method of claim 3357, further comprising electrically coupling a lead-in 
conductor to the insulated conductor, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 

5 

3386. The method of claim 3357, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor. 

3387. The method of claim 3357, further comprising electrically coupling a lead-in 
10 conductor to the insulated conductor using a cold pin transition conductor, wherein the 

cold pin transition conductor comprises a substantially low resistance insulated 
conductor. 

3388. The method of claim 3357, further comprising coupling an overburden casing to 
15 the opening, wherein the overburden casing is disposed in an overburden of the 

formation. 

3389. The method of claim 3357, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 

20 formation, and wherein the overburden casing comprises steel. 

3390. The method of claim 3357, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

is. 

3391 . The method of claim 3357, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

30 
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3392. The method of claim 3357, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a How of fluid between 
the opening and the overburden casing with a packing material. 

5 

3393. The method of claim 3357, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some hydrocarbons within the formation. 

3394. A system configured to heat a coal formation, comprising: 

10 an insulated conductor disposed within an opening in the formation, wherein the 

insulated conductor is configured to provide heat to at least a portion of the formation 
during use. wherein the insulated conductor comprises a copper-nickel alloy, and wherein 
the copper-nickel alloy comprises approximately 7 % nickel by weight to approximately 
12 % nickel by weight; and 

1 s wherein the system is configured to allow heat to transfer from the insulated 

conductor to a selected section of the formation during use. 

3395. The system of claim 3394, wherein the insulated conductor is further configured 
to generate heat during application of an electrical current to the insulated conductor 

20 during use. 

3396. The system of claim 3394, further comprising a support member, wherein the 
support member is configured to support the insulated conductor. 

25 3397. The system of claim 3394, further comprising a support member and a centralizer. 
wherein the support member is configured to support the insulated conductor, and 
wherein the centralizer is configured to maintain a location of the insulated conductor on 
the support member. 

30 3398. The system of claim 3394. wherein the opening comprises a diameter of at least 
approximately 5 cm. 
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3399. The system of claim 3394, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a low resistance conductor 
configured to generate substantially no heat. 

5 

3400. The system of claim 3394, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a rubber insulated 
conductor. 

10 3401 . The system of claim 3394. further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a copper wire. 

3402. The sy stem of claim 3394, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor. 

15 

3403. The system of claim 3394, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 

20 3404. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 

electrically insulating material, and wherein the electrically insulating material comprises 
a thermally conductive material. 

3405. The system of claim 3394. wherein the copper-nickel alloy is disposed in an 

25 electrically insulating material, and wherein the electrically insulating material comprises 
magnesium oxide. 

3406. The system of claim 3394. wherein the copper-nickel alloy is disposed in an 
electrically insulating material wherein the electrically insulating material comprises 

30 magnesium oxide, and wherein the magnesium oxide comprises a thickness of at least 
approximately 1 mm. 
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3407. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 
aluminum oxide and magnesium oxide. 

5 

3408. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insulating material wherein the electrically insulating material comprises 
magnesium oxide, wherein the magnesium oxide comprises grain particles, and wherein 
the grain particles are configured to occupy poroiis spaces within the magnesium oxide. 

10 

3409. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material is disposed in 
a sheath, and wherein the sheath comprises a corrosion-resistant material. 

15 3410. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 

electrically insulating material wherein the electrically insulating material is disposed in 
a sheath, and wherein the sheath comprises stainless steel 

341 1 . The system of claim 3394, further comprising two additional insulated 

20 conductors, wherein the insulated conductor and the two additional insulated conductors 
are configured in a 3-phase Y configuration. 

3412. The system of claim 3394, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 

25 support member, and wherein the insulated conductor and the additional insulated 
conductor are configured in a series electrical configuration. 

3413. The system of claim 3394. further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 

30 support member, and wherein the insulated conductor and the additional insulated 
conductor are configured in a parallel electrical configuration. 
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3414. The system of claim 3394, wherein the insulated conductor is configured to 
generate radiant heat of approximately 500 W/m to approximately 1 1 50 W/m during use. 

5 3415. The system of claim 3394, further comprising a support member configured to 
support the insulated conductor, wherein the support member comprises orifices 
configured to provide fluid flow through the support member into the opening during use. 

3416. The system of claim 3394, further comprising a support member configured to 
10 support the insulated conductor, wherein the support member comprises critical flow 

orifices configured to provide a substantially constant amount of fluid flow through the 
support member into the opening during use. 

3417. The system of claim 3394, further comprising a tube coupled to the insulated 
15 conductor, wherein the tube is configured to provide a flow of fluid into the opening 

during use. 

3418. The system of claim 3394, further comprising a tube coupled to the insulated 
conductor, wherein the tube comprises critical flow orifices configured to provide a 

20 substantially constant amount of fluid flow through the support member into the opening 
during use. 

3419. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 

25 formation. 

3420. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

30 
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342 1 . The system of claim 3394. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

5 3422. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

10 3423. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, w herein the overburden casing is disposed in/an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 

15 

3424. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

20 

3425. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 

25 disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least the one; sealing flange is configured to couple to the lead-in 
conductor. 

3426. The system of claim 3394, wherein the system is further configured to transfer 

30 heat such that the transferred heat can pyrolyze at least some hydrocarbons in the selected 
section. 
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3427. A system configurable to heat a coal formation, comprising: 

an insulated conductor configurable to be disposed within an opening in the 
formation, wherein the insulated conductor is further configurable to provide heat to at 
5 least a portion of the formation during use, wherein the insulated conductor comprises a 
copper-nickel alloy, and wherein the copper-nickel alloy comprises approximately 7 % 
nickel by weight to approximately 12 % nickel by weight; 

wherein the system is configurable to allow heat to transfer from the insulated 
conductor to a selected section of the formation during use. 

10 

3428. The system of claim 3427, wherein the insulated conductor is further configurable 
to generate heat during application of an electrical current to the insulated conductor 
during use. 

15 3429. The sy stem of claim 3427, further comprising a support member, wherein the 
support member is configurable to support the insulated conductor. 

3430. The system of claim 3427. further comprising a support member and a centralizer, 
wherein the support member is configurable to support the insulated conductor, and 

20 wherein the centralizer is configurable to maintain a location of the insulated conductor 
on the support member. 

343 1 . The system of claim 3427, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

25 

3432. The system of claim 3427. further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a low resistance conductor 
configurable to generate substantially no heat. 
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3433. The system of claim 3427. further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a rubher insulated 
conductor. 

5 3434. The system of claim 3427, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a copper wire. 

3435. The system of claim 3427, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor. 

10 

3436. The system of claim 3427, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 

15 3437. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 

electrically insulating material and wherein the electrically insulating material comprises 
a thermally conductive material. 

3438. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 

20 electrically insulating material, and wherein the electrically insulating material comprises 
magnesium oxide. 

3439. The system of cUim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating ntaterial wherein the electrically insulating material comprises 

25 magnesium oxide, and wherein the magnesium oxide comprises a thickness of at least 
approximately 1 mm. ; 

3440. The system of Claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 

30 aluminum oxide and magnesium oxide. 
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3441 . The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, wherein the magnesium oxide comprises grain particles, and wherein 
the grain particles are configurable to occupy porous spaces within the magnesium oxide. 

5 

3442. The system of claim 3427. wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically instating material is disposed in 
a sheath, and wherein the sheath comprises a corrosion-resistant material. 

10 3443. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 

electrically insulating material, wherein the electrically insulating material is disposed in 
a sheath, and wherein the sheath comprises stainless steel. 

3444. The system of claim 3427, further comprising two additional insulated 

15 conductors, wherein the insulated coruductor and the two additional insulated conductors 
are configurable in a 3-phase Y configuration. 

3445. The system of claim 3427, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 

20 support member, and wherein the insulated conductor and the additional insulated 
conductor are configurable in a series electrical configuration. 

3446. The system of claim 3427, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 

25 support member, and wherein the insulated conductor and the additional insulated 
conductor are configurable in a parallel electrical configuration. 

3447. The system of claim 3427. w herein the insulated conductor is configurable to 
generate radiant heat of approximately 500 WVm to approximately 1 150 W/m during use. 

30 
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3448. The system of claim 3427. further comprising a support member configurable to 
support the insulated conductor, wherein the support member comprises orifices 
configurable to provide lluid flow through the support member m\o the open wellbore 
during use. 

5 

3449. The system of claim 3427, further comprising a support member configurable to 

support the insulated conductor, wherein the support member comprises critical flow 

/ 

orifices configurable to provide a substantially constant amount of fluid flow through the 
support member into the opening during use. 

10 

3450. The system of claim 3427, further comprising a tube coupled to the insulated 
conductor, wherein the tube is configurable to provide a flow of fluid into the opening 
during use. 

1 5 345 1 . The system of claim 3427, further comprising a tube coupled to the insulated 
conductor, wherein the tube comprises critical flow orifices configurable to provide a 
substantially constant amount of fluid flow through the support member into the opening 
during use. 

20 3452. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

3453. The system of £laim 3427, further comprising an overburden casing coupled to 
25 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein the overburden casing comprises steel. 

3454. The system of claim 3427. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 

30 formation, and wherein the overburden casing is further disposed in cement. 
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3455. The system of claim 3427. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

5 

3456. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 

10 a flow of fluid between the opening and the overburden casing during use. 

3457. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, w herein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 

15 and the opening, and wherein the packing material comprises cement. 

3458. The system of claim 3427 p further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 

20 and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 

disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least the one sealing flange is configurable to couple to the lead-in 
conductor. 

25 3459. The system of claim 3427, w herein the system is further configured to transfer 

heat such that the transferred heat can pyrolyzc at least some hydrocarbons in the selected 
section. 

3460. An in situ method for heating a coal formation, comprising: 
30 applying an electrical current to an insulated conductor to provide heat to at least 

a portion of the formation, wherein the insulated conductor is disposed within an opening 
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in the formation, and wherein the insulated conductor comprises a copper-nickel alloy of 
approximately 7 % nickel by weight to approximately 12 % nickel by weight; and 

allowing the heat to transfer from the insulated conductor to a selected section of 
the formation. 

5 

3461 . The method of claim 3460, further comprising supporting the insulated conductor 
on a support member. 

3462. The method of claim 3460, further comprising supporting the insulated conductor 
10 on a support member and maintaining a location of the first insulated conductor on the 

support member with a centralizes 

3463. The method of claim 3460, wherein the insulated conductor is coupled to two 
additional insulated conductors, wherein the insulated conductor and the two insulated 

1 5 conductors are disposed within the opening, and wherein the three insulated conductors 
are electrically coupled in a 3-phase Y configuration. 

3464. The method of claim 3460, wherein an additional insulated conductor is disposed 
w ithin the opening. 

20 

3465. The method of claim 3460. wherein an additional insulated conductor is disposed 
within the opening, and wherein the insulated conductor and the additional insulated 
conductor are electrically coupled in a series configuration. 

25 3466. The method of claim 3460, wherein an additional insulated conductor is disposed 
within the opening, and wherein the insulated conductor and the additional insulated 
conductor are electrically Coupled in a parallel configuration. 

3467. The method of claim 3460. w herein the provided heat comprises approximately 
30 500 W/m to approximately 1 1 50 W/m. 
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3468. The method of claim 3460. wherein the copper-nickel alloy is disposed in an 
electrically insulating material. 

3469. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 

5 electrically insulating material, and wherein the electrically insulating material comprises 
magnesium oxide. 

3470. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 

10 magnesium oxide, and wherein the magnesium oxide comprises a thickness of at least 
approximately 1 mm. 

3471 . The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 

15 aluminum oxide and magnesium oxide. 

3472. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, wherein the magnesium oxide comprises grain particles, and wherein 

20 the grain particles are configured to occupy porous spaces within the magnesium oxide. 

3473. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the insulating material is disposed in a sheath, 
and wherein the sheath comprises a corrosion-resistant material. 

25 

3474. The method of claim 3460. w herein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the insulating material is disposed in a sheath, 
and wherein the sheath comprises stainless steel. 
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3475. The method of claim 3460. further comprising supporting the insulated conductor 
on a support member and flowing a fluid into the opening through an orifice in the 
support member. 

5 3476. The method of claim 3460. further comprising supporting the insulated conductor 
on a support member and flowing a substantially constant amount of fluid into the 
opening through critical flow orifices in the support member. 

3477. The method of claim 3460, wherein a perforated tube is disposed in the opening 
10 proximate to the insulated conductor, the method further comprising flowing a fluid into 

the opening through the perforated tube. 

3478. The method of claim 3460, wherein a tube is disposed in the opening proximate to 
the insulated conductor, the method fyrther comprising flowing a substantially constant 

15 amount a fluid into the opening through critical flow orifices in the tube. 

3479. The method of claim 3460. further comprising supporting the insulated conductor 
on a support member and flowing a corrosion inhibiting fluid into the opening through an 
orifice in the support member. 

20 

3480. The method of claim 3460, wherein a perforated tube is disposed in the opening 
proximate to the insulated conductor, the method further comprising flowing a corrosion 
inhibiting fluid into the opening through the perforated tube. 

25 3481 . The method of claim 3460. further comprising determining a temperature 

distribution in the insulated conductor using an electromagnetic signal provided to the 
insulated conductor. 

3482. The method of claim 3460. further comprising monitoring a leakage current of the 
30 insulated conductor. 
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3483. The method of claim 3460, further comprising monitoring the applied electrical 
current. 

3484. The method of claim 3460, further comprising monitoring a voltage applied to the 
5 insulated conductor. 

| 

3485. The method of claim 3460, further comprising monitoring a temperature in the 
insulated conductor with at least one thermocouple. 

10 3486. The method of claim 3460, further comprising electrically coupling a lead-in 
conductor to the insulated conductor, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 

3487. The method of claim 3460, further comprising electrically coupling a lead-in 
15 conductor to the insulated conductor using a cold pin transition conductor. 

3488. The method of claim 3460, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor, wherein the 
cold pin transition conductor comprises a substantially low resistance insulated 

20 conductor. 

3489. The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

25 

3490. The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 
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3491 . The method of claim 3460. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

5 3492. The method of claim 3460. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

10 3493. The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and the overburden casing with a packing material. 

1 5 3494. The method of cUiim 3460, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some hydrocarbons within the formation. 

3495. A system configured to heat a coal formation, comprising: 

at least three insulated conductors disposed within an opening in the formation, 
20 wherein at least the three insulated conductors are electrically coupled in a 3-phase Y 
configuration, and wherein at least the three insulated conductors are configured to 
provide heat to at least a portion of the formation during use; and 

wherein the system is configured to allow heat to transfer from at least the three 
insulated conductors to a selected section of the formation during use. 

25 

3496. The system of claim 3495, wherein at least the three insulated conductors are 
further configured to generate heat during application of an electrical current to at least 
the three insulated conductors during use, 

30 3497. The system of claim 3495, further comprising a support member, wherein the 
support member is configured to support at least the three insulated conductors. 
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3498. The system of claim 3495, further comprising a support member and a centralizes 
wherein the support member is configured to support at least the three insulated 
conductors, and wherein the centralizer is configured to maintain a location of at least the 

5 three insulated conductors on the support member. 

f 

3499. The system of claim 3495, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

10 3500. The system of claim 3495, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least the one lead-in 
conductor comprises a low resistance conductor configured to generate substantially no 
heat. 

15 3501 . The system of claim 3495, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least the one lead-in 
conductor comprises a rubber insulated conductor. 

3502. The system of claim 3495, further comprising at least one lead-in conductor 
20 coupled to at least the three insulated conductors, wherein at least the one lead-in 

i 

conductor comprises a copper wire. 

3503. The system of claim 3495, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors with a cold pin transition conductor. 

25 

3504. The system of claim 3495. further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors with a cold pin transition conductor, 
wherein the cold pin transition conductor comprises a substantially low resistance 
insulated conductor. 

30 
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3505. The system of claim 3495. w herein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material is disposed in a sheath. 

5 3506. The svstem of claim 3495. wherein at least the three insulated conductors 

i 

comprise a conductor disposed in an electrically insulating material, and wherein the 
conductor comprises a copper-nickel alloy . 

3507. The system of claim 3495, wherein at least the three insulated conductors 
10 comprise a conductor disposed in an electrically insulating material, wherein the 

conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 7 % nickel by weight to approximately 12 % nickel by weight. 

3508. The system of claim 3495, wherein at least the three insulated conductors 
15 comprise a conductor disposed in an electrically insulating material, wherein the 

conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 2 % nickel by weight to approximately 6 % nickel by weight. 

3509. The system of claim 3495. w herein at least the three insulated conductors 

20 comprise a conductor disposed in an electrically insulating material and wherein the 
electrically insulating material comprises a thermally conductive material. 

3510. The system of claim 3495. wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 

25 electrically insulating material comprises magnesium oxide. 

3511. The system of claim 3495. wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
electrically insulating material comprises magnesium oxide, and wherein the magnesium 

30 oxide comprises a thickness of at least approximately 1 mm. 
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3512. The system of elaim 34 c )5. wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises aluminum oxide and magnesium oxide. 

5 351 3. The system of claim 3495, wherein the insulated conductor comprises a conductor 

disposed in an electrically insulating material, wherein the electrically insulating material 

i 

comprises magnesium oxide, wherein the magnesium oxide comprises grain particles, 
and wherein the grain particles are configured to occupy porous spaces within the 
magnesium oxide. 

10 

3514. The system of claim 3405. wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material is disposed in a sheath, and wherein the sheath comprises 
a corrosion-resistant material. 

1 5 / 

3515. The system of claim 3495. wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material and wherein the 
electrically insulating material is disposed in a sheath, and wherein the sheath comprises 
stainless steel. 

20 / 

3516. The system of claim 34 ( )5. wherein at least the three insulated conductors are 
configured to generate radiant heat of approximately 500 W/m to approximately 1 150 
WVm of at least the three insulated conductors during use. 

25 3517. The system of claim 3495, further comprising a support member configured to 
support at least the three insulated conductors, wherein the support member comprises 
orifices configured to provide fluid flow through the support member into the opening 
during use. 

30 3518. The system of claim 3495. further comprising a support member configured to 
support at least the three insulated conductors, wherein the support member comprises 
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